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SECTION  1 


EXECUTIVE  SUMMARY 

A  field-scale  demonstration  of  static  pile  compostinq  to  daccn- 
taminate  nitrocellulose-contaminated  soils  was  condv.-:ed  at  the 
Badger  Army  Ammiiniticn  Plant  (BAAP).  In  addition,  the  co'ren- 
tial  applicability  of  composting  lor  destruction  c.,'  NC  pnouc- 
tion  waste  (NC  fines)  was  investigated.  Composting  at  is 
a  biological  treatment  process  in  which  contaminated  '  o .  i  or 
sediment  is  mixed  with  bulking  agents/carbon  sources  ('-■rganic 
materials  such  as  alfalfa  and  manure)  to  enhance  r‘‘c;obial 
metabolism  and  destruction  of  soil  contaminants. 

The  primary  objective  of  this  study  was  to  evaluate  the  utility 
of  aerated  static  pile  composting  as  a  technology  for  NC  fine 
remediation  and  destruction  of  NC-contaminated  soil.  Second¬ 
ary  objectives  of  this  study  included  an  evaluation  of  the  ef¬ 
ficacy  of  thermophilic  (SS^C)  versus  raesophilic  (35“C)  compost¬ 
ing,  determination  of  a  maximum  soil  loading  rate,  and  a  com¬ 
parison  of  different  process  control  and  material  handling 
strategies.  These  objectives  were  met  by  conducting  the  field 
demonstration  described  in  this  report. 

Two  com.post  piles  were  established  during  each  of  two  consec¬ 
utive  test  periods.  Temperature  was  the  primary  test  variable 
investigated  during  Phase  I  of  the  project.  Of  the  two  piles 
studied  during  this  phase,  one  (pile  1)  was  maintained  at  ap¬ 
proximately  the  mesophilic  temperature  optimum  (35“C)  and  one 
at  approximately  the  thermophilic  temperature  optimum  {55°C)  . 
Compost  piles  are  self-heated  when  energy  released  from  micro¬ 
bial  metabolism  of  organic  matter  is  trapped  within  the  compost 
matrix.  Therefore,  no  external  heat  sources  were  required. 
Vacuum  (drawn)  aeration  was  used  to  remove  excess  heat  and  to 
maintain  aerobic  conditions  within  the  compost  piles. 

The  ability  to  compost  at  different  soil  loading  rates  was  the 
primary  variable  distinguishirg  the  two  piles  established  dur¬ 
ing  Phase  II.  Soil  loading  was  increased  from  19  percent  (by 
weight)  in  the  Phase  I  piles  to  22  percent  in  pile  3  and  32.5 
percent  in  pile  4.  Temperature  within  both  piles  was  main¬ 
tained  in  the  thermophilic  range  based  upon  the  degradation 
achieved  in  Phase  I.  Bags  of  compost  containing  NC  concentra¬ 
tions  as  high  as  80  percent  (by  weight)  were  placed  within  pile 
3  to  investigate  degradation  of  NC  at  high  concentrations.  The 
mixture  to  be  composted  in  all  four  piles  was  prepared  by  mix¬ 
ing  soil  contaminated  with  NC  fines  with  alfalfa,  feed,  wood 
chips  and/or  mulch,  and  cow  manure.  The  piles  in  Phase  I  ac¬ 
tively  composted  for  151  days.  The  initial  concentrations  of 
NC  were  908  mg/kg  for  pile  1  and  3,039  mg/kg  for  pile  2  at 
time-zero.  At  the  end  of  the  study  period,  the  concentrations 
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■f  NC  were  reduced  to  651  mg/kg  and  54  mg/kg  for  piles  1  and  2, 
•espectively .  Mean  percent  reductions  of  NC  in  piles  1  and  2 
'ere  28  percent  and  98  percent,  respectively. 

.’ha  two  piles  (3  and  4)  established  for  Phase  II  of  the  BAAP 
project  actively  composted  for  112  days.  The  initial  NC  con- 
:entrations  were  7,907  mg/kg  in  pile  3  and  13,086  mg/kg  in  pile 
4,  The  final  concentrations  of  NC  were  30  mg/kg  in  pile  3  and 
16  mg/kg  in  pile  4.  These  data  represent  mean  percent  reduc- 
zions  in  NC  concentration  of  99.6  percent  and  99.9  percent,  re¬ 
spectively.  Significant  reductions  were  also  observed  in  con¬ 
taminant  levels  in  the  NC-spiked  bags,  with  only  the  80-percenc 
MC  concentration  exhibiting  little  degradation. 

These  data  indicate  that  composting  is  a  feasible  remediation 
technology  for  decontaminating  NC-contaminated  soils  and  sedi¬ 
ments.  In  addition,  composting  at  high  loading  rates  appears 
to  be  a  viable  option  for  destruction  of  NC  fines. 
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SECT I OH  2 


INTRODUCTION 


2.1  STATE!>iENT  OF  THE  PROBLEM 

The  manufacture  and  handling  of  explosives  and  propellants  has 
resulted  in  soil  and  sediment  contamination  at  U.S.  Army  muni¬ 
tions  facilities  as  a  result  of  previously  acceptable  waste 
disposal  practices.  One  such  contaminant  is  nitrocellulose,  a 
propellant  commonly  used  in  munitions  and  rocket  motors.  Out- 
of-specification  NC  (NC  fines)  are  produced  during  NC  manufac¬ 
ture  and  present  problems  for  disposal.  The  fines  also  are  of 
concern  becav of  the  risk  of  environmental  contamination. 

The  United  States  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA)  is  currently  investigating  several  technologies  for 
remediating  NC-contaminated  matrices  and  disposing  of  NC 
fines.  Among  the  candidate  technologies  is  composting. 
USATHAMA  has  previously  conducted  laboratory-  and  pilot-scale 
tests  of  this  technology  (Doyle  et  al.,  1986).  Results  of 
these  studies  were  encouraging  and  warranted  a  field-scale  dem¬ 
onstration.  This  report  describes  the  results  of  a  composting 
field  demonstration  for  NC  destruction  that  was  conducted  at 
the  Badger  Army  Ammunition  Plant  (BAAP).  WESTON  initiated  this 
field  demonstration  in  April  1988. 

2.2  BACKGROUND  INFORMATION 

Composting  is  a  process  in  which  organic  materials  are  biode¬ 
graded  by  microorganisms,  resulting  in  the  production  of  or¬ 
ganic  and  inorganic  byproducts  and  energy  in  the  form  of  heat. 
This  heat  is  trapped  within  the  compost  matrix,  leading  to  the 
self-heating  phenomenon  characteristic  of  composting.  Compost¬ 
ing  is  initiated  by  mixing  biodegradable  organic  matter  (NC  in 
the  present  study)  with  organic  carbon  sources  and  bulking 
agents,  which  are  added  to  enhance  the  porosity  of  the  mixture 
to  be  composted.  Bulking  agents  may  also  provide  additional 
organic  carbon  to  the  microorganisms.  In  this  report,  the  term 
"bulking  agents"  is  used  to  refer  to  materials  that  provide 
both  porosity  and  degradable  organic  matter. 

The  environment  in  a  compost  matrix  is  substantially  different 
from  the  environment  within  aerobic  soils  in  that  the  matrix  to 
be  composted  has  a  much  higher  concentration  of  organic  mat¬ 
ter.  This  organic-ric.h  environment  leads  to  intense  microbial 
metabolic  activity  and  the  production  of  heat.  The  production 
of  metabolic  heat  and  the  insulative  properties  of  the  compost 
matrix  create  a  self-heating  environment  that  serves  to  further 
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stimulate  microbial  activity.  If  left  unchecked,  temperatures 
may  readily  exceed  TO^C,  a  temperature  that  inhibits  most  mi¬ 
croorganisms  and  leads  to  a  decline  in  metabolic  activity. 

Composting  is  applicable  to  the  remediation  of  soils  contami¬ 
nated  with  any  biodegradable  ccmpound(s).  Materials  and  facil¬ 
ities  required  include  a  biodegradable  organic  substrate,  bulk¬ 
ing  agents  to  increase  the  porosity  and  organic  carbon  concen¬ 
tration  of  the  mixture  to  be  composted,  water,  a  containment 
structure  to  prevent  contaminant  migration,  mixing  equipment, 
and  a  means  to  provide  oxygen  to  the  composting  materials*  Pa¬ 
rameters  that  affect  the  efficiency  of  the  composting  process 
include  temperature,  moisture  content,  and  chemical  and  biolog¬ 
ical  characteristics,  as  well  as  the  concentration  of  the  or¬ 
ganic  sTibstrate,  the  concentration  of  inorganic  nutrients  such 
as  nitrogen  and  phosphorus,  heat  retention  characteristics  of 
the  compost,  and  the  partial  pressure  of  oxygen  within  the  com¬ 
posting  material. 

Microorganisms  that  catalyze  the  composting  process  and  degrade 
organic  constituents  are  generally  present  in  the  materials 
used  to  prepare  a  compost  mixture.  No  supplemental  organisms 
are  typically  reg[uired.  Special  circumstances  may  exist  where 
supplementary  microorganisms  may  be  useful,  but  this  was  not 
the  case  in  the  present  study. 

Composting  may  be  implemented  at  one  of  three  general  levels  of 
technology.  These  levels  differ  in  the  degree  of  manipulation 
and  process  control  attained.  Consequently,  costs  increase  at 
higher  technological  levels.  At  the  lowest  level,  the  material 
to  be  composted  is  simply  shaped  into  the  form  of  a  pile  and 
allowed  to  self-heat.  Water  and/or  nutrients  may  be  added. 
However,  air  exchange  is  poor  and  temperatures  may  fluctuate 
widely  within  the  composting  material.  Periodically  turning 
the  material  increases  aeration  but  process  control  remains 
negligible.  This  level  of  technology  is  often  referred  to  as  a 
"windrow"  system,  so  nam.ed  because  of  the  long  rows  of  narrow 
compost  piles  typically  employed. 

At  the  next  technology  level,  an  aeration/heat  removal  system 
is  utilized  to  increase  process  control  over  the  composting 
system.  The  aeration/haat  removal  system  typically  takes  the 
form  of  a  network  of  perforated  pipe  underlying  the  . compost 
pile.  The  pipe  is  attached  to  a  mechanical  blower  and  air  is 
periodically  drawn  or  forced  through  the  compost  to  effect  aer¬ 
ation  and  heat  removal.  This  level  of  technology  is  often  re¬ 
ferred  to  as  a  "static  pile." 

At  the  highest  technology  level,  a  system  of  enclosed  compost¬ 
ing  vessels  and  automated  materials  handling  equipment  is  used 
(in  addition  to  an  aeration/heat  removal  system)  to  produce  a 
continuous  treatment  process.  This  type  of  system  is  often  re¬ 
ferred  to  as  "in-vessel"  composting. 
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Composting  is  widely  used  to  stabilize  wastewater  sludges  and 
mtinicipal  refuse  in  the  United  States  and  Europe  (Biocycle  Spe¬ 
cial  Report,  1987).  The  primary  objectives  of  refuse/sludge 
composting  are  to: 

•  Reduce  the  volume  of  waste  or  sludge. 

•  Reduce  the  moisture  content  of  the  composting  material. 

•  Destroy  potentially  odorous  nitrogen  and  sulfur  con¬ 
taining  organic  compounds . 

•  Destroy  pathogenic  microorganisms. 

•  Stabilize  the  compost  material  for  ultimate  disposal. 

Since  sludge  and  refuse  are  generated  continuously,  these  ob¬ 
jectives  are  best  met  by  a  composting  system  designed  for  rela¬ 
tively  rapid  turnover  of  incoming  wastes.  The  rate  of  waste 
disposal  must  approximate  the  rate  of  waste  loading  for  waste- 
water  and  refuse  facilities  to  operate  efficiently.  In  con¬ 
trast,  the  primary  objective  of  hazardous  materials  composting 
is  to  convert  hazardous  substances  into  innocuous  products  for 
ultimate  disposal.  Rapid  processing  is  desirable,  but  remains 
secondary  to  successful  treatment  of  the  waste.  Thus,  while 
hazardous  materials  composting  systems  share  many  of  the  char¬ 
acteristics  of  sludge  and  refuse  composting  systems,  opera¬ 
tional  parameters  will  differ  according  to  the  primary  objec¬ 
tive  of  the  process. 

Composting  is  a  combination  of  biological  and  engineering  proc¬ 
esses.  Biological  aspects  of  the  process  that  require  manage- 
m.ent  include  optimizing  environmental  conditions  co  enhance  mi¬ 
crobial  growth  and  maximizing  contaminant  destruction  within 
the  compost  pile.  Engineering  aspects  requiring  attention  in¬ 
clude  materials  handling,  composting  facility  design  and  opera¬ 
tion,  and  process  control  systems.  Both  biological  and  engi¬ 
neering  requirements  must  be  addressed  to  provide  a  cost-effec¬ 
tive  and  successful  treatment  process. 

A  number  of  studies  have  demonstrated  the  aerobic  biotransfor¬ 
mation  of  explosives  and  propellants.  Successful  composting  of 
explosive-  and  propellant-contaminated  soils  has  been  achieved 
at  both  laboratory-  and  pilot-scales.  These  studies  have  in¬ 
dicated  that  composting  is  a  feasible  technology  for  the  treat¬ 
ment  of  soils  contaminated  with  propellants  and  e:<plosives.  To 
assess  composting  of  propellant-contaminated  soils,  WESTON  con¬ 
ducted  a  field-scale  demonstration  on-site  at  BAAJ.  This  re¬ 
port  details  the  findings  of  that  project  and  includes  recom¬ 
mendations  for  future  work  and  full-scale  i.mplementation. 
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2.3  LITEHATUaS  SUf^MARY 


Nitrocellulose  (NC>  is  a  highly  substituted  cellulose  that  is 
used  as  a  propellant  for  munitions  and  rocket  motors.  Synthe¬ 
sized  from  cotton  or  wood  pulp,  NC  may  contain  from  11.11-per- 
cent  nitrogen  (cellulose  dinitrate)  to  14.5-percent  nitrogen 
(cellulose  trinitrate)  (Riley  et  al.,  1984). 

While  not  considered  toxic,  the  EPA  water  quality  criteria  for 
turbidity  and  solids  deemed  protection  of  the  aquatic  environ¬ 
ment  from  NC  contamination  a  necessity.  The  fibrous  nature  of 
the  compound  can  pose  a  hazard  to  benthic  communities  by  elimi¬ 
nating  interstitial  habitats  and  reducing  oxygen  levels  by 
"blanketing"  the  sediment.  These  concerns  are  further  com¬ 
pounded  by  NC's  relative  resistance  to  biodegradation  under  am¬ 
bient  environmental  conditions  (Ryan,  1986). 

In  studies  examining  the  biodegradation  of  NC,  Brodman  and  De- 
vine  (1981)  reported  a  significant  release  of  extractable  ni¬ 
trate  from  the  test  matrix,  which  they  believe  was  attributable 
to  microbial  hydrolysis  of  NC.  After  adjusting  the  data  for 
controls,  a  0 . 203-peroent  release  of  nitrate  from  a  l-percent 
nitrocellulose  concentration  was  reported.  However,  Riley  et 
al.,  (1984)  reported  a  0.005-percent  release  of  nitrate  from  a 
five-fold  greater  quantity  of  NC.  After  analyzing  for  nitrate, 
nitrite,  ammonia,  and  nitrogen-gas  production,  which  would  have 
been  indicative  of  NC  degradation,  they  concluded  that  NC  was 
not  susceptible  to  microbial  attack. 

Atlantic  Research  Corporation  examined  the  susceptibility  of  NC 
to  microbial  degradation  in  a  composting  system.  Using  I'^C 
labeled  NC  in  BAAP  site  soil,  they  demonstrated  a  rapid  degra¬ 
dation  of  NC  with  substantial  evolution  of  ^'^C02.  Overall 
average  recovery  of  l^C  was  106.2  percent  with  a  standard  de¬ 
viation  of  12.4  percent  (Doyle  et  al.,  1986). 

2.4  SITE  8ACXGR0UW 

BAAP  is  located  cn  a  7,354-acre  site  in  Sauk  Cou^ity,  Wisconsin 
(see  Figure  2-1).  Constructed  in  1942,  the  plant  operated  in¬ 
termittently  over  a  33-year  period,  producing  single-  and 
double-base  propellants  for  rocket,  cannon,  and  small  arms 
ammunition.  BAAP's  production  facilities  and  support  facili¬ 
ties  were  placed  on  standby  status  in  March  1975. 

During  the  plant’s  period  of  active  operation,  various  chemical 
materials  were  produced,  and  the  associated  wastes  and  manufac¬ 
turing  byproducts  disposed  of  througn  practices  both  common  and 
acceptcLble  at  the  time.  The  wastes  included  acids,  nitrogly¬ 
cerin,  and  NC.  As  a  result  of  the  disposal  practices,  contami¬ 
nation  of  soils,  the  underlying  aq^uifer,  and,  to  some  extent, 
surface  waters  have  occurred. 
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Rguro  2-1.  Loc-slkwi  of  BAAP  Wlscofluln. 
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2.5  OBJECTIVES 

Th®  primary  objective  of  this  sttdy  was  to  evaluate  the  utility 
of  aerated  static  pile  composting  as  a  technology  for  NC  fine 
remediation  and  destruction  of  soils  contaminated  with  NC. 
Secondary  objectives  of  this  study  included  an  evaluation  of 
the  efficacy  of  thermophilic  (55“C)  versus  mesophilic  (35°C) 
composting,  determination  of  a  maximum  soil  loading  rate,  and  a 
comparison  of  different  process  control  and  material  handling 
strategies.  Aspects  that  were  not  part  of  this  investigation 
included: 

•  Toxicological  evaluation  of  the  initial  soil,  NC,  or 
the  final  compost  residue. 

•  Minimization  of  carbon  supplements  and  bulking  agent 
utilization. 

•  Determination  of  transformation  products. 

•  Determination  of  an  engineering  design  and  management 
plan  for  full-scale  implementation. 

•  Process  cost  analysis. 
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MATERIALS  AND  METHODS 


This  section  contains  information  on  materials  ind  methods  that 
pertain  to  all  four  compost  piles  studied  at  BAAP.  Information 
specific  to  compost  piles  1  and  2  or  3  and  4  is  presented  in 
Sections  4  and  5,  respectively. 

3.1  COMPOSTING  TEST  FACILITIES 

The  composting  test  facilities  were  located  on  a  graded  area 
adjacent  to  the  BAAP  wastewater  treatment  plant  (see  Figure 
3-1).  Two  6-inch-thick  concrete  test  pads  (28  feet  x  38  feet) 
were  constructed  over  a  6-inch  layer  of  sand  and  mesh.  Each 
pad  contained  a  4-inch  concrete  berm  along  three  sides  of  the 
perimeter  to  contain  any  runoff.  The  pads  drained  via  a  4-inch 
PVC  pipe  to  a  6  feet  x  8  feet  x  6  feet  sump.  Liquids  contained 
in  the  sump  were  reapplied  to  the  compost  during  remixing.  How¬ 
ever,  if  the  volume  contained  within  the  sump  becamie  exces¬ 
sive,  the  contents  were  tested  and  discharged  under  the  re¬ 
quirements  of  the  MPDHS-permitted  treatment  system.  The  pads 
were  covered  by  a  wooden  beam-supported,  corrugated  tin  roof 
(14  feat  eave  height).  This  structure  protected  the  piles  from 
weather  aind  minimized  the  amount  of  moisture  collected  in  the 
sump  due  to  precipitation. 

A  mixing  pad  was  also  constructed  to  provide  a  solid,  nonperme- 
able  surface  for  materials  handling.  The  mixing  pad  was  com¬ 
posed  of  a  concrete  slab  with  6-inch  steel  mesh  and  grade  beams 
along  the  edges.  Rebar  was  added  to  provide  increased  resis¬ 
tance  to  cracking  along  the  edges. 

BAAP  provided  110-V  and  220-V  power  and  a  water  supply. 

3.2  BULKING  AGENT3/CAR80N  SOURCES 

A  cow  manure  slurry  was  obtained  from  the  U.S.  Dairy  Forage  Re¬ 
search  Center.  Primarily  a  liquid,  the  manure  provided  carbon, 
microbes,  nutrients,  and  moisture  to  the  compost  matrix. 

Alfalfa,  straw,  and  horse  feed  were  obtained  from  local  dis¬ 
tributors.  In  Phase  ;  (piles  1  and  2)  of  the  BAAP  project,  one 
half  of  the  purchased  alfalfa  was  fed  through  a  mixer  to  break 
up  the  larger  grasses  and  produce  a  more  homogeneous  mixture. 
In  Phase  II  (piles  3  and  4),  only  unchopped  alfalfa  was  added 
to  the  compost  mixture  in  an  attempt  to  increase  the  porosity 
of  the  pile.  Baled  straw  was  used  to  contain  the  pile  con¬ 
tents,  and  was  arranged  in  a  ring  around  the  perimeter  of  each 
pile  (see  Figure  3-2).  Sawdust  and  hardwood  and  softwood 
mulch  were  obtained  from  local  suppliers  and  used  to  construct 
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Location  oi  composting  test  pads. 
Badaer  Army  Ammunition  Plant. 
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Figure  3-2.  Overvleut  schematic  diagram  oi  Compost  Pile, 
Badger  Army  Ammunition  Plant. 


the  pile  bases,  provide  additional  bulking  material,  and  to  in¬ 
sulate  the  piles  (see  Figure  3-3). 

3.3  MIXING  SYSTEM 

A  Knight  2000  Series  Reel  Auggie  mixer  from  Knight  Manufactur¬ 
ing  Corporation  in  Broadhead,  Wisconsin  (see  Appendix  B),  was 
used  for  preparing  and  remixing  the  compost  mixture.  The  mixer 
was  powered  by  an  external  drive-shaft  connected  to  a  tractor, 
which  rotated  large  stainless  steel  augers  within  the  mixing 
bin.  After  mixing,  the  compost  was  emptied  through  a  hydraulic 
ramp  into  a  front-end  loader  bucket  and"  transported  to  the  com¬ 
posting  pads.  The  mass  of  the  material  in  the  mixing  bin  was 
monitored  using  an  installed  computerized  scale. 

3.4  TEST  SOIL 

Test  soils  were  excavated  from  Dredge  Spoil  Basin  No.  1  at  BAAP 
(see  Figure  3-4).  A  front-end  loader  was  used  to  remove  the 
overlying  sod  and  excavate  the  underlying  soil.  The  soil  was 
loaded  into  a  dump  truck  and  transported  to  the  mixing  pad, 
where  it  was  homogenized  and  sampled  for  analysis  of  the  ini¬ 
tial  NC  concentration.  The  soil  was  covered  with  a  plastic 
tarp  until  the  day  of  use. 

Excavation  of  test  soil  for  piles  1  and  2  was  performed  on  12 
April  1988.  Approximately  6  cubic  yards  of  soil  were  removed 
from  the  center  of  the  basin.  The  test  material  was  dark 
brown,  moist,  and  richly  organic  in  appearance.  On  26  Septem¬ 
ber  1983,  approximately  7  cubic  yards  "of  soil  were  excavated 
for  use  in  the  construction  of  piles  3  and  4.  The  soil  was  re¬ 
moved  from  an  area  adjacent  to  the  excavation  site  for  piles  1 
and  2.  All  compost,  soil,  and  bulking  agents  from  Phase  I  were 
disposed  of  in  Dredge  Spoil  Basin  No.  1  in  an  area  removed  from 
the  site  of  soil  excavation. 

The  NC  concentrations  in  the  test  soils  for  Phase  I  and  Phase 
II  of  the  BAAP  project  are  presented  in  Table  3-1. 

3.5  MATERIALS  HANDLING  EQUIPMENT 

A  front-end  loader,  equipped  with  a  1-cubic  yard  bucket,  and  a 
dump  truck  were  used  to  transport  soil  from  the  dredge  spoil 
basin  to  the  test  site.  A  Knight  2000  Series  Reel  Auggie  mixer 
was  used  to  homogenize  the  soil  and  the  mixture  to  be  compost¬ 
ed.  A  farm  tractor  was  used  to  power  the  drive  shaft  that 
turned  the  augers  within  the  mixer.  Horse  feed  was  stored  in 
grain  bins  until  used.  Smaller-scale  materials  handling  activ¬ 
ities  were  performed  with  hand  tools  suoh  as  rakes,  shovels, 
and  pitchforks. 
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Note;  Schematic  only,  not  to  scale. 
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Figure  3-3.  Crcss-secticpai  schematic  of  compost  pile 
with  roof,  Badger  Army  Ammunition  Plant. 
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Figure  3-4.  LocaUon  and  relalionthip  ol  Dredge 
SpoU  Basins  and  SsHUng  Ponds 
Badger  Arn^y  AnununiUon  Plant. 


Table  3-1 


Concentrations  of  NC  in  Test  Soils,  Collected 
from  Dredge  Spoil  Basin  No.  1,  BAA? 
(concentrations  in  mg/kg) 


i  «  1  standard  deviation. 
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3.6  COMf=>OST  TEMPERATUHE/AERATION  CONTROL 

Each  compost  pile  contained  a  system  of  perforated  and  nonper- 
f orated  polyethylene  pipe  <4  inches  in  diameter)  that  was 
placed  on  top  of  the  wood  chip  bases  and  connected  to  an  ex¬ 
plosion-proof  Peerless  PW-12  radial  blade  blower  (single-phase, 
2-hp,  860-scfm,  6-inch  static  pressure).  The  blowers  were  used 
to  pull  air  through  the  compost  piles  to  promote  aeration  and 
remove  excess  heat  (see  Figure  3-2). 

Blower  cycling  was  controlled  by  both  timer  and  temperature 
feedback  systems.  The  feedback  system  consisted  of  soil 
thermistors  that  measured  compost  temperature  and  panel-mounted 
Fenwal  Series  551  thermistor  sensing  temperature  controllers. 
Timer  control  was  obtained  by  programmable  timer  relays  mounted 
in  the  thermistor  control  panels. 

The  thermistor  controllers  had  low-  and  high-temperature  set- 
point  values  that  were  operator-set.  The  low  and  high  set- 
points  on  the  thermistor  controller  in  the  mesophilic  compost 
pile  (pile  1)  were  31*C  and  35®C,  respectively.  The  corre¬ 
sponding  values  for  the  thermophilic  piles  (2,  3,  and  4)  were 
51*0  and  55‘’C.  After  pile  construction,  the  blowers  were 
placed  on  timer  control  (40  seconds  on  per  20-minute  cycle)  to 
provide  oxygen  to  the  piles  while  minimizing  heat  removal  dur¬ 
ing  the  startup  phase.  After  the  piles  reached  operating  tem- 
perav:ure  (2  to  3  days),  blower  control  was  automatically  trans¬ 
ferred  to  the  temperature  feedback  system. 

The  temperature  feedback  system  provided  three  functions.  When 
the  pile  temperature,  as  registered  by  the  thermistor,  was:  be¬ 
low  the  low  set-point,  the  blower  operated  on  timer  control; 
between  the  low  and  high  set-points,  the  blower  did  not  oper¬ 
ate;  above  the  high  set-point,  the  blower  operated  continuously 
until  the  compost  temperature  (as  monitored  by  the  thermistors) 
fell  below  the  high  set-point. 

When  the  compost  temperature  was  below  the  low  set-point,  the 
blower  operated  intermittently  (timed  on/off  cycling)  to  aerate 
the  pile  with  minimal  cooling.  When  the  compost  temperature 
was  between  the  low  and  high  set-points,  the  blowers  did  not 
operate  in  order  to  allow  the  compost  pile  to  reach  the  high 
set-point.  When  the  compost  temperature  exceeded  the  high 
set-point,  the  blowers  ran  continuously  to  lower  the  compost 
temperature  to  just  below  the  high  set-point.  When  the  blowers 
were  on,  compost  temperatures  were  lowered  by  both  evaporation 
and  the  passage  of  cool  ambient  air  through  the  pile.  In  this 
way,  compose  temperatures  could  theoretically  be  controlled 
near  the  optirtrum  levels.  The  temperature  ranges  sought  during 
this  study  were  35  i4‘’C  and  55  i4'’C  for  piles  1  and  2  (respec¬ 
tively),  and  55  ±4‘’C  for  piles  3  and  4. 
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3.7  COMPOST  TEMPERATURE  MONITORING 

-  -  ■  ■  ■■  ^ 

The  temperature  monitoring  system  consisted  of  five  landfill 
probes  in  each  pile  that  constantly  monitored  the  temperatures 
in  discrete  regions  of  the  pile  over  time.  The  probes  were 
placed  in  identical  regions  within  both  piles  to  monitor  the 
variation  in  temperature  at  different  vertical  and  longitudinal 
sectors . 

The  toe  and  heel  of  each  pile  was  monitored  at  mid-depth,  and 
the  central  region  was  monitored  at  the  base,  mid-depth,  and 
top.  All  10  probes  (5  per  pile)  relayed  temperature  data  to  an 
Omega  10-channel  temperature  recorder/logger* that  was  housed  in 
the  site  trailer.  The  recorder  program  allowed  monitoring  of 
the  pile  temperatures  at  discrete  intervals  over  time.  Temper¬ 
ature  data  were  printed  for  each  of  the  10  probes  every  4  hours. 

During  Phase  I  of  the  BAAP  project,  the  10  temperature  probes 
were  placed  as  follows.  Probes  1  through  5  were  placed  in  pile 
1.  Probe  1  was  placed  at  mid-depth,  one-third  of  the  way  back 
from  the  toe  of  the  pile.  Probe  2  was  placed  at  mid-depth  in 
the  pile,  immediately  adjacent  to  the  toe  (blower  end)  of  the 
pile.  Probe  3  was  placed  at  mid-depth,  in  the  heel  of  the 
pile.  Probe  4  was  placed  1  foot  under  the  surface  of  the  cen¬ 
ter  of  the  pile.  Probe  5  was  placed  at  the  bottom  of  the  pile, 
two-thirds  of  the  way  back  from  the  toe,  and  immediately  adja¬ 
cent  to  the  side  of  the  pile. 

The  locations  of  probes  one  through  five  in  pile  1  corresponded 
directly  to  the  locations  of  probes  six  through  ten  in  pile  2. 
The  same  probe  locations  were  used  in  Phase  II  (piles  3  and  4). 

Additional  temperature  data  were  collected  during  visits  using 
a  hand-held  temperature  probe  with  a  digital  temperature  me¬ 
ter.  Nine  data  points  were  obtained  for  each  pile:  longitudi¬ 
nally  in  the  toe,  mid,  and  heel;  and  vertically  at  the  base, 
raid-depth,  and  topi  The  probe  was  calibrated  against  the 
thermistors  at  the  initiation  of  the  project.  On  15  November 
1988  (day  49),  the  electronics  in  the  temperature  recorder/log¬ 
ger  were  rendered  inoperable  during  a  lightning  storm.  Temper¬ 
ature  data  were  collected  every  two  to  three  days  from  that 
time  until  the  final  samples  were  taken  from  piles  3  and  4  (6 
January  1989).  The  hand-held  tempe’-ature  probe  with  the  digi¬ 
tal  meter  was  used  to  obtain  these  data. 

3.8  MICR03IAL  ENUMERATION 

The  population  density  of  heterotrophic  microorganisms  was  de¬ 
termined  for  compost  samples  from  all  four  piles.  One  gram  of 
compost  was  asceptically  transferred  into  90  ml  of  sterile  0.1 
M  K^HP04  buffer  and  agitated  by  hand  for  2  minuses.  Large 
particles  were  allowed  to  settle  after  agitation.  The  compost 
extract  was  serially  diluted  into  sterile  phosphate  buffer  (1 
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ml  extract  into  9  ml  buffer)  to  a  dilution  of  10“^.  Each  di¬ 
lution  was  either  spread-plated  or  pour-plated  onto  nutrient 
agar  plates  (Difco  Laboratories).  Duplicate  plates  of  compost 
extracts  from  piles  1  and  2  were  prepared,  and  one  plate  from 
each  duplicate  set  was  incubated  at  35®C  and  SS^C  for  5  days. 
Total  colony  counts  were  made  after  days  2  and  5  of  incuba¬ 
tion,  Extracts  of  piles  3  and  4  compost  were  plated  in  dupli¬ 
cate,  with  both  plates  in  the  set  incubated  at  55 “C  to  encour¬ 
age  growth  of  the  thermophilic  population.  The  total  number  of 
microbial  (bacterial  and  fungal)  colonies  on  each  plate  was 
used  to  calculate  the  number  of  colony-forming  luiits  (cfu)  per 
gram  of  dry  compost. 

3.9  ANALYTICAL  METHODS 

3.9.1  TOC,  TXN,  and  Lead 

Analyses  for  total  Kjehldal  nitrogen  (TKN)  and  lead  were  con¬ 
ducted  according  to  procedures  outlined  in  Standard  Methods  for 
Chemical  Analysis  of  Water  and  Wastes  (U.S.  EPA  600/4-79-020, 
1979).  TOC  analysis  was  by  the  Loss-On-Ignition  method 
(Stromm,  1976). 

3.9.2  Propel lants 

Compost  samples  were  analyzed  for  nitrocellulose  according  to 
USATHAJIA  Method  LY02  (see  Appendix  A),  modified  for  the  extrac¬ 
tion  and  analysis  of  compost. 

Steps  used  in  sample  preparation  and  analysis  were  as  follows. 

3. 9. 2.1  Sample  Extraction  and  Preparation 

General  Method:  A  solid  sample  was  extracted  with  acetone  us¬ 
ing  ultrasonic  agitation.  A  portion  of  the  extract  was  dried 
and  washed  with  a  methanol/water  solution  to  remove  endogenous 
nitrate  and  nitrite  salts.  The  washed  sample  was  then  dis¬ 
solved  in  acetone  and  hydrolyzed  by  treatment  with  aqueous  po¬ 
tassium  hydroxide  at  an  elevated  temperature,  causing  nitrite 
ion  to  be  cleaved  from  the  nitrite  ester.  Procaine  was 
diazotized  in  an  acid  solution,  which  in  turn  reacted  with 
N,N—dimethyl-l-napthyl  amine  to  produce  a  dye  with  maximxim 
absorbance  at  510  nm, 

3. 9. 2. 2  Spectrophotometr i c  Analysis 

A  Perhin-Elmer  Lambda  3  Dual  Beam  UV/VIS  spectrophotometer  was 
used  to  analyze  the  BAAP  compost  samples  for  NC.  Calibration 
checks  were  performed  prior  to  and  following  each  individual 
sample. 
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3. 9. 2. 3  QA/OC  Samples 


The  following  QA/QC  samples  were  analysed  with  each  batch  of 
compost  samples: 

•  Method  blank. 

•  2x  standard  spike. 

•  lOx  standard  spike. 

•  lOx  standard  spike  duplicate. 

Samples  were  prepared  as  described  in  Subsection  3.9.2. 1,  with 
the  exception  that  USATHAMA-standard  soil  was  used  as  the  sam¬ 
ple  matrix. 

3.9.3  Percent  Moisture  Determination 

Triplicate  samples  of  compost  material  were  weighed  in  a  tared 
aluminum  tray  and  dried  overnight  at  105®C.  Compost  samples 
used  for  percent  moisture  determinations  were  subsamples  of 
compost  analyzed  for  nitrocellulose.  The  samples  were  rewaigh- 
ed  the  following  day  and  the  percent  moisture  calculated  as 
follows : 

Percentage  Moisture  =•  (water  loss/original  weight)  x  100. 
3.10  TEST  PEP  1 00  AMD  SA?^PLIHG 

Four  compost  piles  were  constructed  at  BAAP  during  the  period 
from  April  1983  to  January  1989.  The  first  set  of  compost 
piles  (piles  1  and  2)  was  set  up  on  28  April  1938  and  was 
terminated  on  26  September  1988  (151-day  test  period).  Phase 
II  of  the  project  (piles  3  and  4)  was  initiated  on  27  September 
1988  and  terminated  on  17  January  1989  (112-day  test  period). 

Samples  were  taken  from  the  compost  with  a  soil  auger  (Forestry 
Suppliers,  Inc.).  The  auger  had  a  3-inch-diameter  stainless 
steel  auger  bucket  and  a  5-foot-long  extension  handle.  Sam¬ 
pling  was  initiated  by  scraping  the  cover  materials  on  the  com¬ 
post  pile  away  to  expose  the  compost  below.  The  auger  was  in¬ 
serted  approximately  24  to  3  0  inches  into  the  compost  pile  and 
a  core  sample  removed.  Samples  were  taken  below  the  longitudi¬ 
nal  axes  of  the  piles,  2  to  3  feet  below  the  apex.  A  minimu.m 
of  5  and  as  many  as  10  core  samples  were  removed  from  each  com¬ 
post  pile  and  analyzed  at  each  sampling  tim.e-point.  Samples 
were  packed  in  amber  bottles  and  shipped  by  overnight  freight 
using  chain-of-custody  procedures.  Additionally,  40-ml  bottles 
were  packed  with  compost  and  shipped  overnight  for  percent 
moisture  determinations  and  microbial  enumerations. 

The  exhaust  air  from  the  blov/er  system  was  sampled  three  times 
during  Phase  I  of  the  project.  Activated  charcoal  was  used  as 
a  trapping  m.edium. 
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3.11  COMPOST  PI LE  REMIXING 


The  compost  piles  were  remixed  during  both  the  Phase  I  and 
Phase  II  test  periods.  Hand  tools  were  used  to  scrape  the  wood 
mulch  and  sawdust  off  the  piles,  thus  exposing  the  compost  ma¬ 
trix  underneath.  A  front-end  loader  transported  the  compost 
from  each  pile  individually  to  the  mixer,  where  a  total  pile 
weight  was  determined  and  recorded  using  the  computerized 
scale.  Water  from  the  sump  was  used  to  add  moisture  to  the 
compost  mass,  and  was  pumped  via  a  pressured  hose  into  the  mix¬ 
er  while  the  augers  were  in  motion. 

After  the  contents  of  the  pile  were  well  homogenized  and  re¬ 
moistened,  the  compost  material  was  returned  to  the  pads  using 
a  front-end  loader  and  the  piles  were  rebuilt.  Samples  were 
taken  of  the  remixed  material. 
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SECTION  4 


COMPOST  PILES  1  ANO  2 


4.1  COMPOST  PILE  DESIGN.  CONSTRUCTION.  AND  OPERATION 

4.1.1  Test  Variables 

The  test  variable  in  compost  piles  1  and  2  was  temperature. 
Pile  1  was  operated  to  maintain  compost  temperatures  in  the 
mesophilic  range  (35  2:4®C).  Pile  2  was  operated  to  maintain 
compost  temperatures  in  the  thermophilic  ramge  (55  ±4'’C) . 

4.1.2  Test  Soil  and  Bulking  Agents 

The  mixture,  to  be  composted  in  piles  1  and  2  consisted  of  BAAP 
soil  excavated  from  Dredge  Spoil  Basin  1  on  12  April  1988  (see 
Table  3-1),  feed,  softwood  mulch,  whole  and  chopped  alfalfa, 
and  cow  manure.  Bulk  density  measurements  were  obtained  for 
each  of  the  pile  components  and  the  final  compost  mixture.  A 
spring  scale  with  a  50-lb  capacity  was  tared  to  the  weight  of  a 
hanging  steel  bracket,  and  the  mass  of  three  separate  buckets 
of  tap  water  was  recorded.  The  volume  of  the  bucket  was  calcu¬ 
lated  from  these  data  using  the  known  density  of  water.  Trip¬ 
licate  samples  of  the  compost  materials  were  weighed  and  the 
bulk  densities  determined  (see  Table  4-1). 

Based  on  visual  inspections  of  the  soil  particle  size,  previous 
pilot-scale  studies  (Doyle  et  al.,  1986),  and  data  obtained 
during  WESTON' s  field  demonstration  at  LAAP,  a  materials  bal¬ 
ance  for  the  compost  mixture  components  was  developed.  The  in¬ 
itial  NC  concentration  contained  in  the  soils  used  in  piles  1 
and  2  was  approximately  18,800  mg/kg,  or  1.3  percent.  This 
concentration  was  reduced  by  dilution  when  the  bulking  agents 
were  mixed  with  the  test  soil  during  preparation  of  the  compost 
mixture.  As  the  maximum  concentration  of  NC  that  could  be  com¬ 
posted  without  proving  inhibitory  to  the  indigenous  microbial 
population  had  not  been  identified,  small  bags  of  compost  con¬ 
taining  higher  levels  of  NC  were  incorporated  into  the  pile. 
Approximately  400  grams  of  the  compost  mixture  were  spiked  with 
NC  fines  and  well  homogenized  to  yield  contaminant  levels  of 
approximately  3  percent,  5  percent,  7.5  percent,  and  10  percent 
(by  weight).  The  spiked  compost  was  placed  in  triplicate  sets 
of  small  nylon  bags  and  placed  at  mid-depth  in  the  heel  of  the 
piles  (the  area  farthest  from  the  blower). 

The  materials  balance  utilized  for  piles  1  and  2  is  presented 
in  Tables  4-2  and  4-3. 
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Table  4-1 

Bulk  Densities  of  Materials 
Used  in  Compost  Piles  1  and  2 


Material 

Mean  Bulk  Density 
(lb/yd3) 

Soil 

1,468 

Manure 

1,622 

Alfalfa  (whole) 

16 

Alfalfa  (chopped) 

138 

Feed 

916 

Mulch 

170 

Compost  mixture 

916 
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Table  4-2 


Materials  Balance  of  Compost  Pile  1 


Material 

Volume 

(yd3) 

Mass 

(lb) 

Percent 

Volume  Mass 

Soil 

1 

2,100 

2 

19 

Feed 

2 

1,730 

3 

16 

Mulch 

4 

760 

7 

7 

Manure 

3 

4,820 

5 

45 

Alfalfa  (whole) 

46 

750 

75 

7 

Alfalfa  (chopped) 

_4 

620 

_ 7 

6 

Total 

62 

10,780 

100 

100 

Note:  Volume  measurements  are  approximate;  materials  were 
measured  by  weight. 
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Table 

Materials  Balance  of  Compost  Pile  2 


Material 

Volume 

(yd3) 

Mass 

(lb) 

Percent 

Volume  Mass 

Soil 

1 

1,940 

3 

19 

Feed 

2 

1,680 

4 

17 

Mulch 

5 

840 

12 

8 

Manure 

3 

4,680 

7 

46 

Alfalfa  (whole) 

27 

440 

64 

4 

Alfalfa  (chopped) 

_4 

550 

_ 9 

_ 5 

Total 

42 

10,130 

100 

100 

Note:  Volume  measurements  are  approximate;  materials  were 
measured  by  weight. 
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^ 1 • 3  Compost  Mlxlnq/Pile  Construction 

Piles  1  and  2  were  constructed  using  the  following  sequence: 

•  Contaminated  soil  was  collected  on  12  April  1988, 
homogenized  and  piled  on  the  concrete  mixing  pad  using 
the  front-end  loader. 

•  Pile  construction  was  initiated  on  28  April  1988. 

•  Bulk  densities  were  determined  for  each  of  the  pile 
components . 

•  Wood  chip  bases  (7.5  feet  x  13  feet  x  8  inches)  were 
constructed,  aeration  piping  laid  on  top,  and  an  ad¬ 
ditional  3  inches  of  wood  chips  placed  over  the  piping 
to  prevent  compost  from  entering  the  pipe.  Pipe  con¬ 
nections  were  secured  with  snap  connectors  and  duct 
tape.  Nonperf orated  pipe  was  used  from  the  blowers 
through  the  "T"  junction  in  the  toe  of  each  pile  and 
perforated  piping  was  used  from  the  junction  to  the 
capped  ends  (see  Figure  3-1).  Straw  bales  were  placed 
along  three  sides  of  the  base  to  prevent  the  material 
to  be  composted  from  sliding  off  the  base.  These 
bales  also  reduced  air  short  circuiting,  provided  in¬ 
sulation,  and  kept  the  insulating  blanket  from  sliding. 

•  Soil,  alfalfa  (both  whole  and  chopped),  feed,  softwood 
mulch,  and  30  pounds  of  P:N;K  (13/13/13)  fertilizer 
were  mixed  in  the  Knight  Reel  Auggie  until  a  homogene¬ 
ous  mixture  was  achieved.  The  computerized  scale  was 
used  to  record  the  individual  component  weights. 

•  The  mixer  was  pulled  to  the  USDFRC,  where  liquid  cow 
manure  was  pumped  into  the  mixer.  The  slurry  was  added 
until  visual  inspection  revealed  saturation  of  the 
components. 

•  The  mixer  was  returned  to  the  test  site,  where  a  hy¬ 
draulic  ramp  on  the  mixer  emptied  the  contents  into 
the  bucket  of  a  front-end  loader.  The  compost  was 
then  transported  to  the  appropriate  test  pad. 

•  The  nylon-bagged  spiked  compost  samples  were  placed  at 
mid-depth  in  the  heel  of  each  pile,  and  then  covered 
with  the  remaining  compost  mixture.  Nylon  tags  with 
the  bag  identification  were  placed  within  each  bag, 
and  also  at  the  ends  of  attached  nylon  strings  which 
were  run  out  of  the  sides  of  the  piles  to  facilitate 
sampling. 

•  The  remainder  of  the  mixture  to  be  composted  was 
placed  onto  each  pile,  and  straw  bales  placed  along 
the  open  side. 
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•  Thermocouple  and  thermistor  probes  were  placed  at  pre¬ 
determined  regions  of  each  pile,  thus  providing  synon¬ 
ymous  data  for  each  sector  within  the  two  piles.  The 
10-channel  temperature  recorder/logger  was  set  at  time 
zero  and  programmed  to  print  out  data  every  4  hours. 

•  Each  pile  was  covered  with  5  cubic  yards  of  sawdust 
plus  1  cuhic  yard  of  softwood  mulch  to  provide  insula¬ 
tion. 


•  The  thermistor-activated  temperature  controller  was 
set  to  timer  operation  (40  seconds  per  20-minute 
cycle) . 

•  Samples  of  the  time-zero  mixture  to  be  composted  were 
talcen  immediately  after  pile  construction,  and  shipped 
overnight  to  WESTON  for  analysis. 

4.1.4  Operat I ons  Schedu I  a 

Piles  1  and  2  were  maintained  and  sampled  during  the  test  peri¬ 
od  according  to  the  operations  schedule  presented  in  Table  4-4 . 

4.2  RESULTS 

4.2.1  Compost  Temperature  Data 


The  following  temperature  records  were  maintained  for  piles  1 
and  2  throughout  the  ludy: 

•  Temperature  recorder/logger;  data  printout  from  the 
10  temperature  probes  every  4  hours. 

•  Hand-held  landfill  temperature  probe:  temperature 

profile  of  each  pile  taken  during  site  visits. 

•  Ambient  high  and  low  air  temperatures:  recorded  daily 
by  SAAP  (Figure  4-1). 


Data  obtained  with  the  10  temperature  probes  were  considered 
the  most  representative  of  Piles  1  and  2  as  five  discrete  re¬ 
gions  of  the  piles  were  simultaneously  monitored  every  4  hours. 
Temperature  data  on  piles  1  and  2  are  presented  as  follows: 
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Operation  Schedule  at  BAAP 
Compost  Piles  1  and  2 


Day 

Data 

Event 

— 

12  April 

Soil  eacavated  and  sampled  for  NC. 

0 

29  April 

Pile  construction.  Temperature  control 
systems  and  recorders  activated.  Time  0 
compost  and  nylon-bagged  spiked  concen¬ 
trations  sampled.  Analyses:  TOC,  NC. 

19 

18  May 

3-vaek  samples  taken.  Analyses: 

TOC,  NC. 

39 

7  Jxme 

6-veek  samples  taken.  Piles  remixed  and 
rewatared.  One  set  of  nylon-bagged 
spiked  compost  samples  removed  from 
each  pile.  Sump  sampled.  Analyses:  NC- 

54 

22  June 

3 -week  samples  taken.  Analyses:  NC,  TOC. 

63 

6  July 

10-week  samples  taken.  Exhaust  air 
from  blowers  sampled.  Analyses;  NC, 
intermediates,  TOC,  TKN, 

97 

4  August 

14-week  samples  taken.  Remaining  nylon- 
bagged  spiked  compost  samples  removed 
from  each  pile  end  sMpped  to  WESTON  for 
analysis.  Analyser :  NC. 

151 

26  Saptember 

Piles  1  and  2  disassembled.  Scimples 
taken  of  final  compost  mixture. 

Analyses;  NC. 
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Figure  4-1.  High  and  low  ambient  temperatures  - 
Phase  I.  BAAP  composting  proiect. 


Figure 


Data 


4-1  High  and  low  ambient  air  temperatures 

during  Phase  I  of  the  BAAP  demonstra¬ 
tion. 

4-2  Mean  daily  compost  te.^speratures  in  pile 

1. 

4-3  Mean  daily  compost  tenoeratures  in  pile 

2. 


4.2.2  Compost  Moisture  Content  Data 

The  moisture  content  of  compost  piles  1  and  2  ranged  from  27 
percent  to  65  percent  over  the  test  period  (see  Table  4-5). 
Linear  plots  of  the  percent  moisture  in  the  compost  versus  time 
are  presented  in  Figure  4-4. 

4.2.3  Microbial  Enumeration  Data 

The  plate  coxints  demonstrated  the  existence  of  significant  het- 
erotrophic  microbial  populations  capable  of  growth  at  both 
and  55*C  in  both  piles  (see  Table”  4-6).  Visual  inspection  of 
the  colony  morphologies  provided  an  indication  of  the  microbial 
diversity.  Microbial  colonies  were  characterized  on  the  basis 
of  size,  color,  shape  (round  versus  variegated),  and  opacity. 
While  both  the  thermophilic  and  mesophilic  composts  yielded  vi¬ 
able  papulations  of  microbes,  a  greater  diversity  in  microbial 
colonies  was  observed  in  the  mesophilic  populations.  One  mor¬ 
phology  (white,  opaque,  round,  approximately  1  mm  in  size)  was 
observed  in  great  quantities  in  the  thermophilic  microbial  enu¬ 
merations  . 

4.2.4  Fata  of  N i t roca I  I u I osa  in  Compost 

The  soil  excavated  from  Dredge  Spoil  Basin  No.  1  on  12:  April 
1988  contained  an  average  of  13,800  *  1,347  mg/kg  of  NC  (based 
on  5  samples).  Total  NC  concentrations  at  time  zero  were  908 
mg/kg  in  pile  1  and  3,039  mg/kg  in  pile  2.  The  calculated 
theoretical  NC  content  of  piles  1  and  2  at  time  zero  was  3,670 
mg/kg  and  3,608  mg/kg,  respectively.  After  152  days,  at  the 
termination  of  the  study,  mean  total  NC  concentrations  in  piles 
1  and  2  were  651  mg/kg  and  54  mg/kg,  respectively.  These  data 
represent  mean  percent  reductions  in  NC  concentrations  of  28 
percent  in  pile  1  and  98  percent  in  pile  2.  However,  the  an¬ 
alytical  data  on  day  70  and  day  97  samples  of  pile  1  indicate 
that  NC  concentrations  were  reduced  by  9  0.6  percent  and  57.8 
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Table  4-5 


Moisture 

Content  of  Compost  Piles  1 
(Mean  Percent  Moisture) 

and  2 

Week 

Pile  1 

Pile  2 

0 

60.8 

61.1 

3 

47.8 

50.4 

6 

(before  remix) 

61.5 

47.1 

(after  remix) 

65.3 

64.6 

a 

65.9 

65.4 

10 

61.3 

64.1 

14 

48.0 

56.5 

22 

27.3 

50.6 
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Figure  4-4.  Moisture  content  of  compost 


Table  4-6 


Microbial  Enumeration  Data:  Compost  Piles  1  and  2 
(cfu/gram  compost) 


Week 

Pile  1 
(Mesophilic) 

Pile  2 

(Thermophilic) 

0 

4.1  X  lO’ 

1.4  X  105 

3 

10.3  X  107 

3.3  X  107 

6 

54  X  107 

* 

8 

24  X  107 

* 

10 

1.6  X  107 

* 

14 

8.6  X  10^ 

•Plates  covered  by  a  white,  translucent,  variegated  film  of 
microbes . 
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percent,  respectively.  Linear  plots  of  these  data  are  present¬ 
ed  in  Figures  4-5  and  4-6.  As  illustrated  by  these  figures, 
the  concentration  of  extractable  NC  in  pile  1  samples  increased 
and  peaked  during  the  first  42  days  of  the  test  period  and  sub¬ 
sequently  decreased  to  lower  levels.  The  initial  NC  concentra¬ 
tions  reported  for  the  mesophilic  pile  (No.l)  are  believed  to 
be  in  error. 

Analysis  of  the  bagged,  spiked  compost  samples  was  performed  at 
day  0,  day  42,  and  day  97.  However,  the  contents  of  some  bags 
were  lost  due  to  disruption  of  the  nylon.  Analysis  was  per¬ 
formed  in  triplicate  on  the  day  97  samples  that  were  recovered. 
The  results  of  the  analyses  on  the  bagged  compost  samples  are 
presented  in  Table  4-7.  Linear  plots  of  the  bagged  NC  concen¬ 
trations  versus  time  are  presented  in  Figures  4-7  and  4-8. 

TOC  analysis  revealed  no  significant  decreases  throughout  the 
test  period  in  Piles  1  or  2.  At  time  zero,  TOC  in  the  mixture 
to  be  composted  was  113,833  rag/kg.  At  the  3-week  sampling 
point,  the  TOC  values  were  323,666  mg/kg  and  348,333  mg/kg  for 
Piles  1  and  2,  respectively.  At  week  10,  these  values  were 
316,200  mg/kg  (pile  1)  and  351,200  mg/kg  (pile  2). 

As  discussed  in  the  schedule  of  operations,  the  exhaust  from 
the  blower  system  was  sampled  at  two  time-points.  Analysis  re¬ 
vealed  that  at  10  times  the  detection  limits,  no  2,4-DNT  or 
2,6-DNT  was  observed  in  the  activated  charcoal  used  to  sample 
the  emissions  from  the  blower  systems. 

4.2.5  Nonquant  1  tat  I va  Observations 

Extensive  fungal  growth  was  observed  in  both  piles  1  and  2, 
particularly  in  the  regions  farthest  from  the  blowers.  The  com¬ 
post  covered  with  fungal  mycelium  was  distinguished  by  its 
light  gray  color;  tough,  fibrous  texture;  and  drier  composition 
than  the  surrounding  material.  The  fungus  was  primarily  limited 
to  the  lower  two  thirds  of  the  "heel"  region  in  both  of  the 
piles.  Extensive  fungal  growth  was  also  observed  in  the  nylon 
bags . 


The  piles,  particularly  pile  1,  settled  significantly  by  week 
14.  This  settling  reflected  a  decrease  in  the  structural  sup¬ 
port  provided  by  the  bulking  agents.  This  was  confirmed  by  the 
decrease  in  porosity  observed  by  sampling  with  the  core  auger . 
The  peripheral  layer  of  compost  was  dry  and  hard,  but  the  cen¬ 
tral  region  was  still  quite  warm  and  moist.  This  difference  in¬ 
dicated  that  air  flow  through  the  compost  matrix  was  restricted. 
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Error  Bars  Indicate 
±  Standard  Deviation 


Figure  4-5.  Concentration  of  nitrocellulose  in 
compost  pile  1. 


Error  Bars  Indicate 


(spuBsnom) 
(B5!/Suj)  uoiiajjuosuoo 


4-17 


Figure  4-6. 


Table  4-7 

Nitrocellulose  Concentration  in 
Bagged  Compost  Samples 


Day 


Pile  Theoretical  NC  NC  Analysis 

(mg/kg)  (mg/kg) 


30,000 

6,447 

50,000 

12,963 

75,000 

15,568 

100,000 

23,605 

15,294 

38,676 

57,680 

67,198 

42 


2 


209 

378 

587 

277 


97 


162 

386 

1,203 


2  61 

40 

43 

61 


97 


CM 


(spuBsnoy;) 
{Qyyiui)  U011SJIU33UOO 
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Figure  4-7.  Concentration  of  nitroceliulose  in  bagged  compost  -  pile  1 


Figure  4-8.  Concentration  of  nitrocellulose  In  bagged  compost  pile  2. 


A  change  in  odor  and  appearance  of  the  compost  matrix  was  ob¬ 
served  on  day  97.  The  manure-like  smell  associated  with  the 
center  of  the  pile  decreased  noticeably,  and  a  slight  ammonia¬ 
like  smell  was  detected  from  the  deeper  regions  of  pile  2.  The 
compost  became  noticeably  more  homogeneous  in  appearance,  with 
fewer  large  pieces  of  alfalfa  or  mulch  present  as  the  test  pe¬ 
riod  continued. 

4.3  DISCUSSiOM 

4.3.1  Fate  of  Nitrocellulose  In  Compost  Piles  1  and  2 


The  initial  concentrations  of  NC  in  both  piles  1  and  2  were 
reduced  during  the  151-day  test  period  (see  Figures  4-5  and 
4-6).  This  was  particularly  evident  in  pile  2,  which  exhibited 
a  98  percent  reduction  in  extractable  NC  from  time-zero.  In 
contrast  to  these  results.  Pile  1  appeared  to  demonstate  an  in¬ 
itial  increase  in  contaminant  concentration  from  908  mg/kg  of 
NC  to  4,933  rag/kg  in  the  first  39  days.  After  68  days,  how¬ 
ever,  the  NC  concentration  in  pile  1  had  been  reduced  to  80 
mg/kg  (91  percent  reduction  from  time-zero),  with  a  final  NC 
concentration  of  651  mg/kg  at  day  151  (28  percent  reduction 
from  time-zero).  These  discrepancies  in  the  data  for  pile  1 
may  be  due,  in  part,  to  error  in  the  time-zero  NC  data  or  to 
inadequate  homogenization  of  the  compost  materials  for  pile  1. 
The  soil  used  was  a  cohesive,  loamy  soil  that  tended  to  bind 
and  form  lumps;  this,  compounded  by  the  inherent  viscidity  of 
cow  manure,  may  have  caused  small  regions  of  higher  or  lower  NC 
concentration  within  pile  1.  However,  the  variation  obtained 
from  analyzing  different  samples  indicated  that,  in  general, 
good  mixing  and  homogeneity  'were  achieved.  In  addition,  the 
rate  of  NC  destruction  can  be  expected  to  vary  at  different  lo¬ 
cations  within  the  compost  pile.  Therefore,  greater  variation 
in  NC  content  would  be  expected  at  earlier  stages  of  the  com¬ 
posting  process.  However,  these  possibilities  seem  to  be  in¬ 
adequate  to  explain  the  low  NC  concentrations  observed  in  pile 

1  at  time-zero.  An  exhaustive  review  of  the  sampling, 
analysis,  and  calculation  records  was  conducted,  but  no  errors 
were  discovered  to  account  for  the  pile  1  time-zero  data. 

The  results  of  the  NC-spiked  nylon  bag  e:rperiment  were  gener¬ 
ally  encouraging,  particularly  for  the  bags  placed  within  pile 

2  (thermophilic).  Greater  than  99  percent  reduction  was  obser¬ 
ved  after  97  days  in  all  of  the  bags  placed  within  pile  2  (see 
Figure  4-8).  However,  the  bags  placed  within  pile  1  displayed 
an  initial  increase  in  extractable  NC,  further  supporting  the 
idea  that  the  time-zero  NC  data  were  in  error  (see  Figure  4-7). 
Total  NC  degradation  in  pile  1  bags  was  greater  than  90  percent 
after  97  days.  As  can  be  seen  from  these  results,  NC  levels  as 
high  as  10  percent  do  not  appear  inhibitory,  and  it  appears 
probable  that  NC  could  be  composted  at  higher  levels  than  those 
tested . 
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Both  the  rate  and  extent  of  contaminant  degradation  in  compost 
piles  1  and  2  indicated  that  the  thermophilic  temperature  range 
appears  to  be  superior  to  the  mesophilic  temperature  range. 
However,  the  mesophilic  and  thermophilic  temperature  ranges 
were  not  able  to  be  maintained  as  distinctly  as  desired  in 
piles  1  and  2.  Therefore,  this  is  only  a  tentative  conclusion. 

4.3.2  Temperature/Aeration  Control  and  Monitoring 

Temperature  in  pile  1  (mesophilic)  reached  higher  levels  than 
desired  after  day  55.  Although  the  blower  ran  constantly  in  an 
attempt  to  cool  the  pile,  the  temperature  would  not  decrease  to 
the  desired  level. 

Two  factors  contributed  to  the  difficulty  in  maintaining  a  con¬ 
stant  temperature  in  pile  1.  One,  the  formation  of  "hot  spots" 
(discrete  regions  of  increased  temperature)  was  observed  in 
both  piles  throughout  the  test  period.  If  the  thermistor 
probe,  which  relayed  temperature  data  to  the  blower  control 
system,  was  located  in  a  cooler  region  than  the  surrounding 
area,  the  blower  would  not  be  temperature-activated  and  the 
overall  pile  temperature  would  increase.  Conversely,  if  the 
probe  was  located  in  a  "hot  spot,"  the  blower  system  would  be 
activated  continually,  thus  potentially  cooling  the  pile  unnec¬ 
essarily.  On  one  occasion,  the  thermistor  probe  was  located 
within  a  "hot  spot,"  approximately  12  inches  in  diameter  while 
the  rest  of  the  pile  was  substantially  cooler  than  desired. 

The  second  factor  affecting  pile  temperature  was  the  difficulty 
in  maintaining  porosity  within  the  compost  matrix.  A  noticeable 
"settling"  of  the  piles,  particularly  in  pile  l,  was  observed 
at  the  14-week  sampling  point.  This  compaction  and  loss  of 
porosity  obstructed  air  flow  within  the  pile,  thus  decreasing 
the  blower's  ability  to  maintain  desired  temperatures. 

The  decrease  in  porosity  was  not  uniform  throughout  the  pile 
and  resulted  in  uneven  air  flow.  It  was  observed  during  the 
pile  remix  that  the  compost  between  the  aeration  piping  was 
noticeably  wetter  than  the  surrounding  compost.  This  was  indi¬ 
cative  of  reduced  evaporative  moisture  loss  caused  by  a  de¬ 
crease  in  air  flow. 

The  top  portions  of  both  piles  were  generally  warmer  than  the 
lower  regions.  Two  nonexclusive  explanations  may  account  for 
these  observations.  First,  air  will  tend  to  follow  the  route 
of  least  resistance  through  the  compost  pile  by  traveling  the 
shortest  possible  distance  which,  in  the  case  of  the  compost 
piles,  would  be  through  the  base  of  the  piles.  The  cooling  ef¬ 
fects  resulting  from  such  air  flow  would  lead  to  lower  temp¬ 
eratures  at  the  pile  base  compared  to  the  top.  Second,  heat 
generated  in  the  base  of  the  pile  will  tend  to  rise  through  the 
matrix,  thus  increasing  the  accumulation  of  heat  in  upper  re¬ 
gions  of  the  pile. 
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4.3.3  Compost  Moisture  Content  and  Rpsmixinq 

Periodic  moistening  of  the  compost  was  required  to  maintain  an 
appropriate  moisture  content,  particularly  during  the  unusually 
dry  and  hot  summer  months  in  which  Phase  I  of  the  BAAP  project 
was  active.  The  evaporative  moisture  loss  caused  by  hot  and 
dry  ambient  air  through  the  piles  was  potentially  si±)stantial . 
Periodic  remixing  of  the  compost  to  provide  moisture  also  fa¬ 
cilitated  the  efficiency  of  the  composting  process.  Remixing 
homogenized  the  compost  and  maximized  contact  of  the  soil  con¬ 
taminants  with  the  active  microbial  biomass.  Remixing  also 
created  a  more  homogeneous  temperature  profile  within  the  pile 
by  breaking  up  clumps  that  formed  as  the  compost  mixture  dried. 

4.3.4  Microbial  Population 

The  data  obtained  from  the  microbial  enumerations  suggest  sev¬ 
eral  trends.  The  overall  species  diversity  appeared  greater  in 
raesophilic  compost  samples  than  in  samples  obtained  from  the 
thermophilic  compost  enumerations.  However,  the  same  morpho¬ 
logical  type  was  also  observed  repeatedly  in  the  mesophilic 
compost  samples.  The  microbial  population  density  tended  to  be 
slightly  greater  in  the  mesophilic  pile  while  the  rate  and 
extent  of  NC  degradation  was  greater  in  the  thermophilic  pile. 
These  results,  however,  may  reflect  selectivity  exerted  during 
the  isolation  and  enumeration  of  the  compost  microflora. 
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SECTION  5 


COMPOST  PILES  3  AND  4 


5.1  COMPOST  PILE  DESIGN.  CONSTRUCTION,  AND  OPERATION 

5.1.1  Test  Variables 

The  test  variable  in  compost  piles  3  and  4  was  the  degree  of 
soil  loading  within  each  pile.  Soil  loading  was  increased  from 
the  19  percent  used  in  piles  1  and  2  to  22  percent  in  pile  3 
and  32.5  percent  in  pile  4.  These  parameters  were  designed  to 
investigate  the  reduction  of  NC  at  higher  concentrations  and 
the  ability  to  effectively  compost  at  higher  soil  loading 
rates.  Both  piles  were  planned  for  operations  in  the  thermo¬ 
philic  temperature  range  (55  +4“C)  based  upon  the  degradation 
rates  observed  in  Phase  I .  ~ 


5.1,2  Test  Soil  and  Bulking  Agents 

The  mixture  to  be  composted  in  piles  3  and  4  consisted  of  BAAP 
soil  excavated  from  Dredge  Spoil  Basin  1  on  26  September  1988 
(see  Table  3-1),  feed,  woodchips,  unchopped  alfalfa,  and  cow 
manure.  The  NC  content  of  this  soil  was  17,027  +4,358  mg/kg. 
The  woodchips  and  whole  alfalfa  were  used  in  Phase  II  to  in¬ 
crease  the  porosity  of  the  compost  matrix.  Bulk  density  meas¬ 
urements  were  obtained  for  each  of  the  pile  components  using 
the  same  method  as  that  employed  in  Phase  I.  The  bulk  densi¬ 
ties  of  the  pile  components  are  presented  in  Table  5-1. 

Based  on  the  results  observed  in  Phase  I  of  the  BAAP  project, 
data  from  the  field  demonstration  at  LAAP,  and  desired  soil 
loading  rates  of  approximately  25  percent  in  pile  3  and  approx¬ 
imately  35  percent  in  pile  4,  a  materials  balance  was  developed 
for  the  pile  components.  The  initial  NC  concentration  in  the 
test  soil  was  17,027  +4,358  mg/kg,  a  concentration  that  was  re¬ 
duced  by  dilution  when  the  bulking  agents  were  mixed  with  the 
soil.  To  further  investigate  the  degradation  potential  at 
higher  levels  of  NC  concentration,  bagged  samples  of  spiked 
compost  were  prepared  for  placement  in  one  of  the  piles. 
Spiked  NC  concentrations  in  this  phase  of  the  study  were  ap¬ 
proximately  5,  15,  30,  60,  and  80  percent  by  weight.  Four  sets 
of  triplicate  samples  of  each  concentration  were  placed  in  ny¬ 
lon  bags,  which  were  enclosed  in  a  polyethylene  mesh  sleeve  to 
reduce  the  risk  of  disruption  of  the  bags. 

Tables  5-2  and  5-3  present  the  materials  balance  used  for  piles 
3  and  4,  respectively. 
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Material 

Mean  Bulk  Density 

(lb/yd3) 

Soil 

1,701.6 

Manure 

1,564.5 

Alfalfa 

173.4 

Feed 

1,080.6 

Woodchips 

610.5 
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Table  5-2 


Materials  Balance 

of  Compost  Pi 

le  3 

.  ■» 

Material 

Volume 

<yd3) 

Mass 

(lb) 

Percent 

Volume 

Mass 

Soil 

1.50 

2,550 

11.8 

22.2 

Alfalfa 

5.2 

904 

40.9 

7.9 

Feed 

1.6 

1,776 

12.6 

15.5 

Woodchips 

0.7 

440 

5.5 

3.8 

Manure 

3.7 

5,800 

29 . 1 

50 . 6 

Total 

12.7 

11,470 

100.0 

100 . 0 

Note:  Volume  measurements  are  approximate;  materials  were 
measured  by  weight. 
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Material 

Volume 

(yd3) 

Mass 

(lb) 

Percent 

Volume  Mass 

Soil 

2.6 

4,400 

19.3 

32.5 

Alfalfa 

4.1 

710 

30.3 

5.2 

Feed 

1.6 

1,700 

11.9 

12.6 

Woodchips 

1.4 

830 

10.4 

6.1 

Manure 

3.8 

5.900 

28.1 

43.6 

Total 

13.5 

13,540 

100,0 

100 . 0 

Not0:  Volxime  measurements  are  approximate;  materials  were 
measured  by  weight. 
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Piles  3  and  4  were  constructed  in  the  following  sequence: 

•  Contaminated  soil  was  excavated  on  26  September  1988, 
homogenized  using  the  front-end  loader,  piled  on  the 
concrete  mixing  pad,  and  covered. 

•  Pile  construction  was  initiated  on  27  September  1988. 

•  Bulk  densities  were  determined  for  each  of  the  pile 
components . 

•  Woodchip  bases  (6  feet  x  10  feet  x  4  inches)  were  con¬ 
structed,  aeration  piping  laid  on  top,  and  an  addi¬ 
tional  4  inches  of  woodchips  placed  over  the  piping. 
The  bases  were  constructed  to  be  smaller  than  in  Phase 
I  to  form  a  more  compact  pile  that  would  retain  heat 
better  during  cold  weather.  Pipe  connections  were  se¬ 
cured  with  snap  connectors  and  duct  tape.  Nonperfo- 
rated  pipe  was  used  from  the  blowers  through  the  "T" 
junction  and  perforated  piping  was  used  through  the 
junction  to  the  capped  ends  (see  Figure  3-2).  Straw 
bales  were  placed  along  all  sides  of  the  pile  to  con¬ 
tain  the  compost.  However,  in  Phase  II,  the  bales 
were  laid  on  the  widest  side  and  stacked  two  high  to 
better  retain  heat  and  contain  the  mass  of  the  pile. 

•  Soil,  feed,  alfalfa,  woodchips.  and  30  pounds  of  P;N:K 
(13/13/13)  fertilizer  were  mixed  in  the  Knight  Reel 
Auggie  until  a  homogeneous  mixture  was  achieved.  The 
computerized  scale  was  used  to  record  the  individual 
component  weights. 

•  The  mixer  was  pulled  to  the  USDFRC,  where  liquid  cow 
manure  was  pumped  in  the  mixer.  The  slurry  was  added 
until  visual  Inspection  revealed  saturation  of  the 
components. 

•  The  mixer  was  returned  to  the  test  site,  where  a  hy¬ 
draulic  ramp  on  the  mixer  emptied  the  contents  into 
the  bucket  of  a  front-end  loader.  The  compost  was 
then  transported  to  the  appropriate  test  pad. 

•  Three  sets  of  the  nylon-  and  polyethlene-bagged 
compost  samples  were  placed  at  mid-depth  in  pile  3. 
The  sets  were  placed  in  the  heel  region,  and  the  set 
designed  for  removal  at  pile  takedown  was  placed  in 
the  center.  The  bags  were  then  covered  with  the 
remaining  compost  mixture.  Nylon  tags  with  the  bag 
identification  were  placed  within  each  bag,  and  also 
at  the  ends  of  attached  nylon  strings  which  were  cun 
out  of  the  side  of  the  pile  to  facilitate  sampling. 
The  fourth  set  of  bags  was  placed  on  ice  and  shipped 
to  WESTON  via  overnight  freight  for  time-zero  analysis. 


•  The  remainder  of  the  mixture  to  be  composted  was 

placed  onto  each  pile,  and  straw  bales  placed  along 
the  open  side. 

•  Thermocouple  and  thermistor  probes  were  placed  at  pre¬ 
determined  regions  in  each  pile,  thus  providing  synon¬ 
ymous  data  for  each  sector  within  the  two  piles.  The 
lO-channel  temperature  recorder/logger  was  set  at 
time-zero  and  programmed  to  print  out  data  every  4 
hours . 

•  Each  pile  was  covered  with  5  cubic  yards  of  sawdust 

plus  1  cubic  yard  of  softwood  mulch  to  provide  insula¬ 
tion. 

•  The  thermistor-activated  temperature  controller  was 

set  to  timer  operation  (60  seconds  per  1,300-second 
cycle) 

•  Samples  of  the  time-zero  mixture  to  be  composted  were 
taken  immediately  after  pile  construction,  and  shipped 
overnight  to  WESTON  for  analysis. 

5,1.4  Operations  Schedule 

Piles  3  and  4  were  maintained  and  sampled  during  the  test  peri¬ 
od  according  to  the  operations  schedule  presented  in  Table  5-4. 

5.2  RESULTS 


5.2.1  Compost  Temperature  Data 

The  following  temperature  records  were  maintained  for  piles  3 
and  4  in  Phase  II  of  the  BAAP  study: 

•  Ambient  high  and  low  air  temperatures:  recorded  daily 
by  BAAP  (Figure  5-1). 

•  Hand-held  landfill  temperature  probe:  temperature 

profile  of  each  pile  taken  during  site  visits. 

•  Temperature  recorder/logger:  data  printout  from  the 
10  temperature  probes  every  4  hours. 

A  lightning  storm  on  15  November  1988  (day  97)  rendered  the 
temperature  recording  system  inoperable.  Temperature  data  were 
collected  every  two  to  three  days  from  that  tim.e  to  the  termi¬ 
nation  of  the  study  (6  January  1939)  by  using  the  hand-held 
temperature  probe.  A  9-point  temperature  profile  of  each  pile 
was  taken  manually,  the  data  recorded  on-site  and  the  results 
telephoned  to  !vESTON  personnel.  Data  obtained  witn  the  10  tem¬ 
perature  probes  were  considered  the  most  representative  of  con¬ 
ditions  within  the  piles  as  five  discrete  regions  of  the  pile 
were  simultaneously  monitored  every  4  hours  for  97  days. 
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Table  5-4 


Operation  Schedule  at  BAAP  Compost  Piles  3  and  4 


Day  Date  Event 


26  September 

Soil  excavated  and  sampled  for 
NC. 

0 

27-28  September 

Pile  construction.  Temperature 
control  systems  and  recorders 
activated.  Time-zero  compost 

and  nylon-bagged  spiked  concen¬ 
trations  sampled  for  NC. 

29 

26  October 

4-week  samples  taken.  One  set 
of  bags  removed  from  pile  3. 

49 

15  November 

Piles  remixed  and  rewatered 

with  siimp  contents.  7-week 
samples  taken  of  remixed  com¬ 
post,  and  one  set  of  bags  re¬ 
moved  from  pile  3.  Analysis: 
NC. 

101  6  January  14-week  samples  taken.  Remain¬ 

ing  set  of  bags  removed  from 
pile  3.  Analysis;  NC. 


112 


17  January 


Piles  3  and  4  disassembled. 


Temperature  data  on  piles  3  and  4  are  presented  as  follows: 


Figure 

Data 

5-1 

High  and 
Phase  II  of 

low  ambient  air  temperatures 
the  BAAP  project. 

during 

5-2 

Mean  daily 
mophilic) . 

compost  temperatures 

in 

pile  3 

(ther- 

5-3 

Mean  daily 
mophilic) . 

compost  temperatures 

in 

pile  4 

( ther- 

5-4 

Mean  daily 
pile  4. 

compost  temperatures 

in 

pile  3 

versus 

5.2.2  Compost  Moisture  Content  Data 

The  moisture  content  of  compost  piles  3  and  4  ranged  from  58.7 
percent  to  26.2  percent  (see  Table  5-5).  Linear  plots  of  the 
percent  moisture  in  the  compost  versus  time  are  presented  in 
Figure  5-5.  Raw  data  on  compost  moisture  content  are  presented 
in  Table  C-10  in  Appendix  C. 

5.2.3  Microbial  Enumeration  Data 

The  plate  counts  demonstrated  the  existence  of  an  indigenous 
microflora  capable  of  growth  both  in  the  thermophilic  tempera¬ 
ture  range  and  at  higher  levels  of  NC  concentration  (see  Table 
5-6).  Microbial  colonies  were  characterized  on  the  basis  of 
size,  color,  shape  (round  versus  variegated,  etc.),  and  capa¬ 
city.  Enumeration  of  the  colony  morphologies  observed  provided 
an  indication  of  the  microbial  diversity.  One  morphology  in 
particular  (white,  opaque,  round,  approximately  2  mm  in  size) 
was  consistently  observed  in  great  quantities. 

5 . 2 . 4  Fate  of  NItroccMulosg  in  Compost 

The  soil  excavated  from  Dredge  Spoil  Basin  No.  1  on  26  Septem¬ 
ber  1988  contained  an  average  of  17,027  +4,358  mg/hg  of  NC. 
Total  NC  concentrations  at  time-zero  were  7,907  mg/kg  in  pile  3 
and  13,036  mg/ig  in  pile  4.  After  101  days,  at  the  termina¬ 
tion  of  the  study,  mean  total  NC  concentrations  in  piles  3  and 
4  were  30  mg/kg  and  16  mg/kg,  respectively.  These  data  repre¬ 
sent  mean  percent  reduction  in  NC  concentrations  of  99.6  per¬ 
cent  in  pile  3  and  99.9  percent  in  pile  4.  Linear  plots  of 
these  data  are  presented  in' Figures  5-6  and  5-7. 

Analysis  of  the  bags  of  spiked  compost  was  performed  at  day  0, 
day  29,  day  49,  and  day  101.  The  analytical  results  a«e  pre¬ 
sented  in  Table  5-7.  As  illustrated  by  Figures  5-8  through 
5-12,  the  contaminated  levels  were  significantly  reduced  in  all 
but  the  80-percent  NC-spiked  samples.  Very  little  degradation 


5730B 


5-9 
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Figure  5-4.  Mean  temperature  in  compost  pili 


Table  5-5 


Moisture  Content  of  Compost  Piles  3  and  4 
Mean  Percent  Moisture 


Week 

Pile  3 

Pile  4 

0 

55.7 

58.7 

4 

26.2 

37.3 

7  (after  remix) 

48.8 

44.6 

14 

29.2 

34.0 
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Figure  5-5.  Moisture  content  of  compost  piles  3  and  4, 


Figure  5-6.  Concentratlori  of  nitrocellulose  In 
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12'  5)3 1  Figure  5-7.  Concentration  of  nitrocellulose  In 

compost  pile  4. 


Day 

Theoretical  NC 
(wq/kg) 

Analyzed  NC 
(mg/ kg) 

0 

50.000 

14,309 

150,000 

65,507 

300,000 

114.527 

600,000 

218,627 

800,000 

164,436 

29 

15,784 

36,033 

73,611 

219,712 

158,724 

49 

1,430 
21,000 
5,199 
144,297 
(  BO  data) 

101 

1,662 
(  no  data) 
2,455 
68,811 
203,003 
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Figure  5-8.  Concentration  of  nitrocellulose  In  bagged  compost  - 


Error  Bars  Indicate 


Figure  5-9.  Concentration  of  nitrocellulose  in  bagged  compost 
Pile  3  - 15%, 


Figure  5*10.  Concentration  of  nitrocellulose  In  bagged  compost  - 
Pile  3  -  30%. 


was  observed  through  day  29  in  the  SO-percent  samples;  the 
slight  increase  in  NC  levels  at  day  101  is  believed  to  be  a  re¬ 
sult  of  problems  in  the  extraction  process. 

NC  was  not  detected  in  the  sump  at  week  two. 

5.2.5  Nonquant i tat i ve  Observations 

Heavy  fungal  growth  was  observed  in  the  outer  4  inches  of  pile 
4,  particularly  in  the  regions  farthest  from  the  blowers.  The 
compost  covered  with  the  fungal  mycelium  was  distinguished  by 
its  light  gray  color;  tough,  fibrous  texture;  and  drier  compo¬ 
sition  than  the  surrounding  material. 

The  significantly  settled  piles,  particularly  pile  3,  had  hard¬ 
ened  by  week  14  of  the  test  period.  The  compost  in  pile  3  was 
dry  and  extremely  hardened,  and  by  the  end  of  the  test  period 
was  completely  frozen. 

The  compost  in  pile  4  became  noticeably  more  homogeneous  in  ap¬ 
pearance  by  week  14  of  the  test  period. 

5.3  DISCUSSION 

5.3.1  Fata  of  Nitrocellulose  in  Compost  PI  le.s  3  and  4. 

The  concentrations  of  nitrocellulose  were  significantly  reduced 
during  the  112-day  test  period  of  compost  piles  3  and  4  (see 
Figures  5-6  and  5-7).  Both  piles  exhibited  greater  than  99.5 
percent  reduction  in  NC  from  time-zero;  this  is  particularly 
encouraging  in  light  of  the  fact  that  the  initial  soil  loading 
was  increased  from  the  19  percent  utilized  in  piles  1  and  2  to 
22  percent  in  pile  3  and  32.5  percent  in  pile  4.  Equally  en¬ 
couraging  are  the  results  from  the  NC-spiked  bag  experiments 
(see  Figures  5-8  through  5-12).  The  contaminant  levels  were 
significantly  reduced  from  levels  as  high  as  60-percent  NC  by 
weight,  with  little  or  no  destruction  observed  in  only  the  80- 
percent  NC-spiked  samples.  The  final  concentration  of  NC  in 
these  bags  at  the  end  of  the  study  was  still  relatively  high. 
However,  there  appears  to  be  no  inherent  reason  why  these  lev¬ 
els  could  not  be  taken  to  the  same  low  levels  observed  in  the 
bulk  mixture  using  the  composting  process. 

5.3.2  Temperature/Aerat I  on  Control  and  Monitoring 

As  can  be  seen  in  the  plots  of  daily  temperature  in  piles  3  and 
4  (Fibres  5-2  through  5-4),  the  temperature  in  pile  3  decreas¬ 
ed  quickly  after  day  75.  This  temperature  drop  was  a  function 
of  two  factors:  the  porosity  in  the  pile  was  greatly  diminished 
as  a  result  of  settling;  and  the  ambient  air  temperature  had 
substantially  decreased  (see  Figure  5-1).  The  temperature  in 
pile  4  also  decreased,  but  leveled  out  in  the  mesophilic  C  tem¬ 
perature  range.  However,  as  shown  in  Figures  5-5  and  5-6,  the 
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majority  of  the  NC  degradation  occurred  within  the  first  30 
days  of  the  project. 

Decreased  air  flow  as  a  result  of  settling  was  not  as  much  of  a 
problem  in  piles  3  and  4  as  in  piles  1  and  2.  This  was  most 
likely  due  to  the  addition  of  wood  chips  in  the  initial  compost 
matrix,  which  increased  the  porosity  of  the  pile  and  allowed 
more  efficient  aeration. 

As  in  Phase  I,  the  top  portions  of  piles  3  and  4  were  generally 
warmer  than  the  lower  regions. 

5.3.3  Compost  Moisture  and  Remixing 

Periodic  moistening  of  the  compost  was  required  to  maintain  an 
appropriate  (above  40  to  45  percent)  moisture  content  for  the 
microbial  populations.  One  remixing  was  undertaken  during  the 
test  period  to  accomplish  this.  However,  regular  (two  to  three 
times  per  week  for  approximately  2  hours)  watering  of  the  piles 
using  a  hose  was  halted  after  day  50  because  of  the  formation 
of  ice  on  the  insulative  blanket. 

5.3. 4  Microbial  Populations 

The  data  obtained  from  the  microbial  enumerations  suggest 
several  trends  (see  Table  5-6).  Both  piles  contained  viable 
populations  of  thermophilic  organisms  capable  of  growth  at 
55 ®C.  The  number  of  both  colony  forming  units/gram  and  the 
number  of  raorphologies/gram  increased  over  time  in  both  piles. 
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SECTION  6 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  results  of  this  field  demonstration  indicate  that  compost¬ 
ing  is  a  feasible  technology  for  reducing  the  extractable _  ni¬ 
trocellulose  concentration  in  contaminated  soils.  In  addition, 
this  field  demonstration  provides  tentative  evidence  indicating 
that  NC  can  be  degraded  when  incorporated  into  a  mixture  to  be 
composted  at  a  high  concentration.  This  indicates  that  com¬ 
posting  may  be  appropriate  for  the  disposal  of  NC  fines. 

The  data  obtained  in  the  "bag"  experiments  indicate  that  NC 
fines  can  be  degraded  if  incorporated  into  a  mixture  to  be  com¬ 
posted  at  a  level  much  higher  than  the  3,000  to  13,000  mg/kg 
present  in  the  Phase  I  and  Phase  II  piles.  Destruction  of  NC 
was  observed  within  small  quantities  of  compost  specially  pre¬ 
pared  to  contain  (by  weight)  approximately  3,  5,  7.5,  10,  15, 
30,  and  60  percent  NC.  However,  these  small  bags  were  placed 
in  a  mixture  generally  containing  less  than  1  percent  NC  and 
which  composted  effectively.  Although  it  appears  that  NC  can 
be  degraded  at  concentrarions  as  high  as  60  percent,  it  has  not 
been  established  that  a  large  quantity  (several  cubic  yards  or 
more)  of  a  mixture  to  be  composted  which  contains  these  high  NC 
concentrations  will  compost  effectively.  Investigating  this 
issue  should  be  the  focus  of  an  ongoing  research  and  develop¬ 
ment  effort.  The  data  obtained  would  be  applicable  to  existing 
problems  at  both  the  3AAP  and  Radford  AAP. 

In  the  bags  prepared  to  contain  10  percent  NC  and  placed  in 
pile  2,  NC  was  reduced  from  23,600  mg/kg  to  97  mg/kg.  In  the 
bags  prepared  to  contain  30  percent  NC  and  placed  in  pile  3,  NC 
was  reduced  from  114,527  mg/kg  to  2,455  mg/kg  at  the  end  of  the 
test  period.  During  the  investigation  NC  concentrations  in  the 
2,500  mg/kg  range  were  demonstrated  to  be  reducible  to  below  50 
mg/kg.  Therefore,  it  is  likely  that  with  additional  time  and/ 
or  mauiipulation,  a  compost  mixture  starting  at  114-527  mg/kg  or 
higher  could  also  be  reduced  to  below  50  mg/kg. 

The  separation  of  mescphilic  and  thermophilic  temperature 
ranges  in  Phase  I  was  not  as  satisfactory  as  that  achieved  in 
the  Louisiana  Army  Ammunition  Plant  (LAAP)  field  demonstration 
(Williams  et  al .  ,  1988).  This  was  primarily  due  to  the  consis¬ 
tency  of  the  horse  manure/straw  used  at  LAAP  compared  to  the 
cow  manure  used  at  BAAP.  Although  not  quantified,  the  BAAF 
mixture  appeared  to  be  much  less  porous  than  the  LAAP  mixture. 
Cow  manure,  while  effective  for  achieving  composting,  is  diffi¬ 
cult  to  work  with  in  that  it  becom.es  crusty  upon  drying,  there¬ 
by  further  decreasing  porosity. 
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This  lower  porosity  at  BAAP  reduced  the  ability  of  the  aeration 
system  to  maintain  the  mesophilic  temperature  range.  Signifi¬ 
cantly  more  air  flow  is  required  to  maintain  35°  than  55°C. 
However,  the  data  obtained  in  Phase  I  at  BAAP  suggest  that 
thermophilic  temperatures  were  more  conducive  to  rapid  NC  des¬ 
truction  than  mesophilic  temperatures.  Consequently,  ther¬ 
mophilic  conditions  were  sought  for  both  piles  in  Phase  II. 

Effective  composting  was  achieved  at  all  soil ..  loading  rates 
tested  (19,  22,  and  32.5  weight  percent).  During  Phase  II,  the 
32.5-percent  soil  pile  maintained  temperature  for  a  longer  per¬ 
iod  of  time  than  the  22-percent  soil  pile.  Consequently,  soil 
loading  rates  at  least  as  high  as  32.5  percent  should  be  usa¬ 
ble  if  full-scale  implementation  is  undertaken. 

Successful  composting  will  likely  occur  at  sediment  loading 
rates  up  to,  or*  possibly  exceeding,  50  weight  percent  (provided 
that  parameters  such  as  moisture  and  contaminant  concentration 
are  within  favorable  ranges).  Maximizing  the  proportion  of 
sediment  or  soil  in  mixtures  to  be  composted  will  enhance  the 
economic  feasibility  of  the  treatment  process  by  minimizing 
bulking  agent/carbon  source  usage,  as  well  as  treatment  time 
for  a  given  site.  The  quality  of  the  organic  carbon  required 
to  prepare  the  mixture  to  be  composted  and  to  facilitate  deg¬ 
radation  of  the  contaminants  should  also  be  investigated  since 
this  will  directly  affect  costs. 

Effective  composting  at  BAAP  was  initiated  and  maintained  ’onder 
harsh  climatic  conditions.  These  conditions  included  abnormal¬ 
ly  hot  and  dry  summer  weather.  This  performance  demonstrates 
the  resilience  of  the  composting  process  to  ambient  weather 
conditions . 

The  use  of  wood  chips,  sawdust,  or  other  materials  to  form  a 
base  and  insulating  cover  for  compost  piles  should  be  discon¬ 
tinued.  A  portion  of  this  material  inevitably  becomes  incor¬ 
porated  into  the  compost  during  remixing.  Thus,  previously  un¬ 
contaminated  and  generally  nondegradable  materials  become  con- 
taininated  and  increase  the  volume  of  waste  to  be  treated. 

Concrete  composting  pads  with  aeration  pipes  located  below 
grade  would  eliminate  the  need  for  wood  chip  bases  and  would 
also  reduce  short-circuiting  of  air  through  the  base  mate¬ 
rial.  A  form-fitting  cover  of  fiberglass  or  other  suitable 
insulation  would  provide  an  inert,  air-permeable,  insulative 
blanket  for  compost  piles.  This  type  of  cover  could  be  used 
repeatedly.  Short-circuiting  of  air  in  the  compost  matrix 
almost  certainly  occurred  during  the  present  study. 

Designing  the  shape  of  and  supporting  structure  for  a  compost 
pile  to  force  air  to  flow  through  the  compost  in  one  direction 
only  would  minimize  short-circuiting.  An  enclosed  vessel  or 
bin  with  an  aeration  pipe  below  the  bottom  of  the  mixture  to  be 
composted  and  an  open  top  would  likely  resolve  this  problem. 
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Triangular-shaped  (cross-section)  static  piles  are  probably  not 
ideal  for  a  full-scale  treatment  process,  although  they  served 
well  to  demonstrate  proof  of  concept  in  the  present  study. 
Actual  site  remediation  or  NC  fine  disposal  calls  for  a  com¬ 
posting  system  capable  of  handling  a  relatively  continuous  in¬ 
flux  of  material  to  be  decontaminated.  A  series  of  four  or 
more  vessels  or  bins  as  described  previously  would  allow  com¬ 
posts  of  increasing  age  to  be  in  process  and  moved,  mixed,  and 
moistened  periodically,  as  well  as  allow  for  semicontinuous 
loading  of  incoming  wastes . 

The  compost  piles  constructed  at  BAAP  tended  to  dry  out  rapid¬ 
ly,  creating  less  than  optimal  conditions  for  microbial  meta¬ 
bolism  and  contaminant  destruction.  Saturating  all  air  entering 
the  compost  piles  with  water  vapor  may  be  a  useful  addition  to 
the  treatment  process.  Alternatively,  liquid-phase  water  could 
be  continuously  or  semicontinuous ly  applied  to  compost  piles, 
but  it  could  cause  leachate  production  and  may  not  be  evenly 
distributed.  The  compost  mixture  should  be  periodically  mixed 
to  achieve  good  surface  contact.  Water  can  be  added  relatively 
easily  at  these  remixing  time  points. 

Developing  a  mixing  system  suitable  for  processing  propellant 
and/or  propellant-contaminated  soil  is  a  requirement.  The  sys¬ 
tem  must  achieve  good  homogeneity,  handle  m.aterials  with  high 
bulk  densities  such  as  soils,  and  meet  all  safety  criteria. 

An  improved,  automated  temperature  control  and  monitoring  sys¬ 
tem  is  required.  An  improved  system  would  consist  of  at  least 
six  thermocouple  probes  placed  in  each  compost  pile  and  a 
microcomputer-based  monitoring/control  system  to  regulate  the 
operation  of  the  blower(s).  At  the  basic  level  of  operation, 
temperatures  measured  by  the  thermocouples  would  be  averaged  by 
the  computer,  and  this  average  temperature  would  be  used  to 
control  the  cycling  of  the  blowers.  Enhancements  could  include 
differential  aeration  to  discrete  areas  within  the  pile  in  res¬ 
ponse  to  temperature  and  moisture  conditions,  as  well  as  auto¬ 
matic  recording  and  plotting  of  compost  temperatures  using  a 
spreadsheet  software  program. 

Acceptable  methods  for  disposal  of  the  final  compost  residue 
should  be  evaluated.  For  example,  criteria  for  disposal  by 
land  application  should  be  established  by  working  with  the  ap¬ 
propriate  regulatory  authority. 

In  conclusion,  the  present  study  demonstrated  extensive  reduc¬ 
tion  of  solvent-extractable  NC  in  compost  after  approximately  4 
months  of  field-scale  treatment.  The  exact  fate  of  the  NC 
could  not  be  determined,  but  microbial  degradation  is  likely 
the  major  fate  processes.  Refinements  in  the  materials  balance 
for  the  material  to  be  composted,  process  control  strategy,  and 
materials  handling  will  serve  to  further  optimize  process  and 
cost  efficiencies. 
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NITROCELLULOSE  IN  SOIL 


A.  Analyte:  Nitrocellulose  (NC) 

B.  Matrix:  Soil,  Sedinent,  or  Compost. 

C.  General  Method:  A  solid  sample  is  extracted  with 
acetone  using  ultrasonic  agitation.  A  portion  of 
the  extract  is  dried  •  and  washed  with  a 
methanol/water  solution  to  remove  endogenous 
nitrate  and  nitrite  salts.  The  washed  sample  is 
then  dissolved  in  acetone  and  hydrolyzed  by 
treatment  with  aqueous  potassium  hydroxide  at  an 
elevated  temperature.  Nitrite  ion  is  cleaved  from 
the  nitrite  aster  which  diazotizas  procaine,  in 
acid  solution,  which  in  txim  reacts  with 
M,N-dimethyl-l-napthylamina  producing  a  dye  with  a 
maximum  absorbance  at  510  nm. 

APPLICATION 

A.  Calibration  Range:  250  -  50,000  ug/L. 

B.  Sensitivity:  Not  applicable. 

C.  Reporting  Limit:  13.0  ug/g. 

D.  Intarf arancss:  This  method  could  be  subject  to 
matrix  i.ntarfersncas  from  the  sample.  Endogenous 
nitrate  and  nitrite  should  be  completely  removed 
in  the  ext.raction  process.  .Other  nitrate  esters 
which  liberate  nitrite  under  the  conditions  used 
for  hydrolysis  cannot  be  distinguished  from  each 
other. 

E.  Analysis  rata:  Ten  (10)  samples  can  be  extracted 
and  analyzed  in  an  eight  hour  day. 

F.  Safety  Information:  Nitrocellulose  is  a  flammable 
solid  and  acstona  is  a  flammable  liquid.  Open 
flames  and  sparks  should  be  avoided  at  all  times. 

General  laboratory  safety  procedures  should  be 
observed  whan  handling  nitrocellulose  (e.g. 
gloves,  lab  coats,  and  eyewear) . 
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APPARATUS.  AND  CHEMICALS 

A.  Glasawara/Kardwara; 

1.  Volumatric  Flasks;  100  mL,  250  mL,  1  liter. 

2.  Class  A  Pipettes:  1  loL,  2  sL,  5  mL,  10  mL. 

3.  Eppendorf  pipettes. 

4.  Hot  Plata. 

5.  500  mL  conical  centrifuga  tubas. 

6.  10  mL  glass  vials. 

7.  Sonic  bath. 

8.  Balance. 

9.  Beakers:  500  mL. 

10.  Whatman  No.  42  ashlass  filter  paper. 

11.  Funnels. 

B.  Instr\imantation;  Perkin-Elmer  Lambda  3  Dual  Beam  UV/VIS 

Spectrophotomatar 

C.  Analytes;  Nitrocellulose 

1.  CAS  Nximbar:  9004-70-0 

2.  Physical  Properties:  Mp  <■  160®C  (Ignites) 

Bp  -  Not  Applicable 

D.  Reagents  and  Rsfarence  Materials  (RM>  ; 

1.  Nitrocallulosa  (Olin  Chemicals):  No  Lot  No. 
(documentation  of  characterization  attached) 

2.  Phosphoric  Acid  (35%);  Fisher  Scientific 

(ACS  Grade) . 

3.  N,N-Diaathyl-l-naphthylaain9.  Kodak 

(Reagent  Grade) . 

4.  Procaine  (99%)  Aldrich  Lot  I  1523BK. 

5.  Potassium  Hydroxide  (KOH)  (2N) :  Fisher 

Scientific  (Reagent  Grade) . 

6.  Acetone;  American  Burdick  and  Jackson 

(High  Purity  ACS  Grad®) . 
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Acetic  Acid  (10%) ;  Fisher  Scientific. 

(Reagent  Grade) . 

8.  Nitrogen  Gas.  (Prepurified) . 

9.  Methanol:  Aaarican  Burdick  and  Jackson  (High 

purity  ACS  Grade) . 


IV. 


A.  Initial  Calibration. 

1.  Preparation  of  Standards; 

a.  A  stock  nitrocellulose  calibration 
standard  is  prepared  by  quantitatively 
transferring  1,250  ag  of  dried 
nitrocellulose  into  a  one  liter 
volunetric  flask  and  diluting  to  the 
mark  with  acetone.  The  resulting  stock 
solution  contains  1,250  mg/L  NC. 

b.  An  intermediate  calibration  standard  is 
prepared  by  diluting  10  aL  of  the  stock 
standard  to  100  mL  in  «  volumetric  flask. 

c.  Working  calibration  standards  are 
prepared  daily  by  diluting  the  stock 
standard  accordi.ng  to  the  following 
schedule  in  .250  mL  volumetric  flasks 
(prepare  two  sets  for  precertification) : 


CONCSinRATION  mL  OF  INTERMEDIATE  mL  OF  STOCl 


S.TAITDARD 

UG/L  -  NC 

TO  ADD  PER  250  ML 

PER  250  MI 

BLANK 

0 

0 

0.5X 

250 

0.5 

X 

500 

1.0 

— — 

2X 

1000 

2.0 

5X 

2500 

5.0 

lOX 

5000 

10.0 

20X 

10,000 

— - 

2.0 

SOX 

25,000 

5.0 

lOOX 

50,000 

10.0 

A- 3 


2. 


Instrument  Calibration 


NITROCELLULOSE  IN  SOIL 
APRIL  1988,  REV.  0 
PAGE  4  OF  10 


a.  Set  up  instrument  according  to 

mamuf acturer • s  recommendations . 

b.  Proceed  with  steps  1  through  12  in 
Section  VIII. 

c.  Analyze  tho  calibration  standards. 

d.  Analyze  a  calibration  check  standard  as 
in  Section  IV. 1. A.  This  standard  is 
prepared  by  a  .second  analyst  on  a 
separate  balance  using  different 
pipettes.  This  is  prepared  in  tha  same 
manner  aa  tha  calibration  standard 
except  1150  mg  of  NC  is  dissolved  in  1 
liter  of  acetone,  instead  of  1250  mg.  5 
mL  of  this  stock  is  diluted  to  250  mL 
final  sample  volum®  giving  a  final  NC 
concentration  of  23,000  ug/L. 

e.  A  second  50,000  ug/L  working  calibration 
standard  is  analyzed  after  completion  of 
sample  analysis. 

3.  Analysis  of  Calibration  Data; 

a.  Tabulate  and  plot  tha  calibration 
standard  concentration  versus  response 
(absorbance  units)  for  each  calibration 
standard.  Data  are  then  subjected  to 
USATHAilA  LOF  test  for  linearity  and  ZI 
test  to  determine  if  tha  curv®  passes 
through  tha  origin  of  a  cartesian  x-y 
plot. 

B.  Daily  Calibration 

1.  Initial  calibration  will  be  performed  daily, 
as  per  section  IV. A. 

V.  a.ST.IZJCA.TION 

A.  Preparation  of  Certification  Samples. 

1.  Utilize  tha  same  stock  solution  and 
intermediate  solution  as  described  in  section 
IV. A. 1. 

2.  In  a  series  of  conical  centrifuge  t^ubas, 
place  lOg  of  USATKAMA  standard  soil. 
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3. 

The 

soil  samples 

are  then  spiked  according  to 

the 

following 

schedule 

with  the 

Stock 

solutions  prepared  above: 

mL  OF  STOCK 

mL  OF 

INTERMEDIATE 

TARGET 

SAMPLE 

1250  mo  NC/L 

125 

mg  NCZL 

W/Q 

BLANK 

0 

0 

0 

0.5X 

.... 

0.5 

6.25 

X 

.... 

1.0 

12.5 

2X 

2.0 

25.0 

5X 

.... 

5.0 

62.5 

lOX 

10.0 

125 

20X 

2.0 

250 

SOX 

5.0 

625 

lOOX 

10.0 

— — 

1250 

4. 

Allow  the  spiked 

soil  seuaples  to  sit 

for  at 

least  one  hour  before  processing. 


5.  Extract  and  analyze  according  to  Section  VII. 


VI.  SAM?_LS_HAN_D.LIN.G  .AND  STORAGE 

A.  Sampling  procedure;  Normal  precautions  should  be 
taken  to  avoid  contamination  of  the  sample  from 
external  sources. 

B.  Containers;  Amber  glass  bottles  with  teflon-lined 
lids  are  acceptable. 

C.  Storage  Conditions;  Cool  to  4®C. 

D.  Holding  time  limits;  7  days  from  time  of 
sampling. 

E.  Solution  verification;  Section  IV.A.Z.d. 

VII.  PROCEDURE 

A.  Preparation  of  Nitrocellulose  Reference  Material: 

1.  Dry  a  portion  of  as-recsived  NC  under  a 
gentle  stream  of  nitrogen.  Place  this 
nitrogen  dried  material  in  a  convection 
oven  at  lOSOc  until  a  constant  weight  is 
obtained. 

2.  Weigh  1,250  mg  of  dried  NC  and 
quantitatively  transfer  to  a  one  liter 
volumetric  flask  with  small  portions  of 
acetone.  ■  Dilute  to  the  mark  with 
acetone  for  a  final  NC  concentration  of 
1250  mg/L. 
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B.  Extraction: 

1.  Weigh  log  of  as  received  sample  or 
standard  soil  into  a  clean,  dry  conical 
centrifuge  tube. 

2.  Extract  with  125  mL  of  acetone  by 
placing  in  an  ultrasonic  bath  for  30 
minutes. 

3.  Filter  the  mixture  using  Whatman  42 
ashless  paper.  The  filtrate  is  saved. 

4.  Repeat  steps  2  and  3  one  tine,  and 
combine  with  filtrates  in  a  250  mL 
volumetric  flask  (do  not  dilute  to  250 
mL)  . 

5.  Transfer  1  mL  of  the  diluted  filtrate  to 
a  glass  vial.  Evaporate  to  dryness  under 
gentle  stream  of  nitrogen  at  ambient 
Oamperature . 

6.  Wash  the  residua  with  2  mL  of  a  90:10 
methanol : water  mixture  to  remove 
endogenous  nitrate  and  nitrite. 

7.  Decant  the  methanol/water  wash  and 
discard. 

8.  Add  1  mL  of  acetone  and  1  mL  of  2H 
potassium  hydroxide  and  1  mL  of  water  to 
the  sample. 

9.  This  mixture  is  placed  in  a  hot  water 
bath  maintained  at  lOO^C,  and  hydrolyzed 
for  30  minutes. 

10.  Following  hydrolysis  (step  9)  the  sample 
is  acidified  with  4  mL  of  10%  acetic 
acid. 

11.  The  color  reagent  is  prepared  by 
dissolving  0.3  5  g  aac.h  of  procaine  and 
N, N-dimathyl-l-napthylamina  in  50% 
acetic  acid  in  a  100  mL  volumetric 
flask,  and  diluting  to  volume  with 
additional  50%  acetic  acid. 

12.  Add  1  mL  of  color  reagent.  Allow  color 
to  da’  slop  for  90  minutes.  After  color 
development,  analyze  as  in  Section  IV. 2. 
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B.  Chemical  Reactions 

Nitrocellulose  is  solubilized  in  acetone  during  the 
extraction  process.  Endogenous  nitrate  and  nitrite  are 
removed  from  the  dried  acetone  extract  by  washing  with 
aqueous  methanol.  Finally,  nitrocellulose  is 
hydrolyzed  to  cellulose  and  nitrite  by  the  action  of 
aqueous  potassium  hydroxide  at  100®C.  Nitrite  ion  is 
cleaved  from  the  nitrite  ester  which  diazotizes 
procaine,  in  acid  solution,  which  in  turn  reacts  with 
N,N-dimathyl-l-napthylamina  producing  a  dye  with  a 
maximum  absorbance  at  510  nm. 

C.  Instrumental  Analysis 

1.  Calibrate  the  instrument  as  outlined  in  Section 
IV. 

2.  Analyze  a  calibration  check  standard. 

3.  Analyze  samples. 

4.  Analyze  a  calibration  check  standard. 

A.  Calibration  data  are  entered  into  a  calculator  or 

computer  program  for  least  squares  regression  using  the 
responses  as  Y  values  and  target  concentrations  as  X 
values.  The  program  will  calculate  an  equation  to 
describe  the  data.  The  general  form  of  th®  equation  is 


Y  -  aX  +  b 

where  Y  -  response 

X  "  true  concentration 
a  ■  slope  of  the  regression  line 
b  ■  Y  intercept  (X  ■  0) 

B.  Concentrations  in  samples  are  derived  from  the  least 
squares  regression  of  the  calibration  data.  Values  of 
a  and  b  are  obtained  from  the  computer  regression 
calculations. 

C.  The  equation  in  VI. A  is  rearranged  to  yield 

X  -  (Y  -  b)/a 
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By  substituting  tha  sanpla  rasponsa  (Y)  into  this 
equation,  tha  extract  concentration  may  be  obtained. 
Many  computer  regression  programs  hava  this  function  as 
an  inherent  capability. 

D.  The  concentration  in  the  original  matrix  is  calculated 
from 


Concentration  of  NC  in  Original  Matrix  (ug/g)  « 

X.  *Extract  Volume  .fLV. 

Wt  of  Sediment  (g) ^Fraction  solids 

where  X  is  in  terms  of  ug/L  NC. 

IX.  DAILY . QUALITY..  CO^TTROI. 

A.  Control  Samples: 

1.  Daily  control  samples  are  preparsd  in  tha  same 
manner  as  certification  samples  described  in 
Section  V.  A  total  of  three  control  spikes  are 
required  on  a  daily  basis:  two  at  approximately 
lOx  tha  CRL  and  ona  at  approximately  2x  the  CRL. 

2.  At  least  ona  method  blank  using  USATKAMA  Standard 
Soil  carried  through  tha  digestion  procedure  is 
also  analyzed  with  each  analytical  lot. 

B.  Control  Charts: 

1.  Average  Percent  Recovery  (X) 

a.  Th®  initial  control  chart  shall  be  prepared 
using  the  four  days  of  certification  data 
closest  to  tha  spiking  concentration  used 
during  analysis. 

b.  Values  for  tha  highest  concentration  from  tha 

certification  data  will  b®  averaged  to 
detarmina  the  cantral  lin®  of  tha  control 

chart  (X) . 

c.  Diffarancas  in  parcant  recoveries  for  each 
pair  of  values  are  averaged  to  obtain  tha 
range  (R) . 

d.  Tha  upper  and  lower  warning  limits  are  +/~ 

1.25R  from  the  central  line. 

e.  Tha  upper  and  lower  control  limits  are  +/" 

1.38R  from  tha  central  lin®. 
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f.  Results  from  tha  highest  standard  spikes 
analyzed  during  analysis  will  ba  averaged  to 
update  tha  average  X(X) ,  and  average  range 
(R)  after  each  lot  and  which  in  turn  will  be 
used  to  update  control  limits  for  X  and  R 
after  each  lot  for  the  first  20  lots. 

g.  Limits  established  after  lot  20  shall  be  used 
for  the  next  20  lots. 

Difference  in  Percent  Recoveries  (R) 

a.  Tha  value  for  R  obtained  in  Section 
VlII.B.l.C,  above,  is  tha  base  line  of  the 
control  chart. 

b.  The  warning  limit  is  2.511  R. 

c.  Tha  control  limit  is  3.267  R. 

Three-point  Moving  Average  X: 

a.  Tha  average  percent  recovery  from  tha  2X 
concentration  from  tha  first  three  days  of 
certification  tasting  is  tha  first  point  to 
be  plotted. 

b.  Subsequent  points  to  be  plotted  are  the 
average  percent  recoveries  from  ohs  2X 
concentration  from  tha  next  group  of  three 
determinations . 

c.  Tha  central  point  on  tha  control  chart  is  the 
average  of  tha  plotted  points  and  changes 
with  each  added  point. 

d.  Tha  range  for  each  point  is  the  difference 
between  the  highest  and  lowest  values  in  each 
group  of  three  determinations.  Tha  average 
ranga  (MAR)  is  used  to  dafina  tha  warning 
control  limits. 

a.  Tha  upper  and  lowar  warning  limits  ara  +/” 

0.682  MAR,  respectively. 

f.  The  upper  and  lower  control  limits  ara  +/" 

1.023  MAR  respectively . 
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4.  Three  Point  Moving  Average  R: 

a.  The  baseline  is  the  MAR. 

b.  The  warning  limit  is  2.050  MAR. 

c.  The  control  limit  is  2.565  MAR. 

REFERENCES 

A.  Determination  of  Nitrocellulose  in  compost.  ARC 
Nitrocellulose  composting  Task.  Technical  Report. 

B.  Method  3H.  Determination  of  Nitrocellulose, 
Nitroglycerine,  and  PETN  in  water. 

DMA 

A.  Off-the-shelf  Analytical  Rofaranc®  Materials 
Characterization: 

See  attached. 

B.  Initial  Calibration. 

1.  Response  versus  concentration  data;  see  attached. 

2.  Response  versus  concentrated  graphs:  see 

attached. 

C.  Daily  Calibration. 

1.  Not  applicable. 

D.  Standard  Certification  Samples. 

1.  T2ibulation  and  graph  of  found  versus  target 
concentration : 

See  Attached. 

2.  LOF  and  ZI  tests  for  the  pooled  data; 

Sea  Attached. 

3.  Calculated  least  squares  between  rsgrassion  line 
confidanca  bounds,  reporting  limit,  accuracy, 
standard  deviation  percent  imprecision,  and 
percent  inaccuracy; 

Sa©  Attached. 

CAL.I3RATI0N  CHECIL  STANDARD  RECOVERIES 
A.  Sea  Attached. 
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Knight  2000  Series  Soel 

Auggies ...  A  nmr  concept 
in  Miser/Biendei/Foedeis. 

Knlghl  Manulactuilng  Corporation 
pioneered  the  3-auger  type  of  teed 
mixer  In  the  mldwestem  and  eastern 
livestock  areas.  Since  1965,  the 
3-auger  type  mixer  has  been  the 
“top-of-the-line"  In  feed  mixing 
equipment.  Alter  more  than  lour 
years  ot  exhaustive  engineering, 
development,  and  field  testing,  we 
proudly  Introduce  the  "Reel  Auggie" 
-  a  new  concept  in  feed  mixers.  The 
extensive  field  testing  program  In- 
wiuded  active  participation  by  many 
livestock  farmers,  each  of  which 
were  previous  owners  of  various 
types  of  mixers.  Those  farmers  share 
a  new  enthuslosm  and  confidence 
tor  the  Reel  Augglos. 

Just  what  matos  the  “Sool 
Auggio”  bettor? 

1.  You  can  finally  mix  and  teed  oil 
ol  your  ration  Ingredients 
livrl’jdlng  long  stem  dry  hay  and 
other  tough  roughages  that 
previousiy  could  not  be  included 
In  your  mixed  ration.  Standard 
square  bales,  stacked  ho’y,  and 
processed  round  bal€K  can  be 
added  dUectfy  to  the  load. 
Veterinarians  agree  that  longer 
dry  hay  in  the  ration  helps 
cctlvote  the  rumen  lor  Improved 
digestion.  Better  milk  production, 
better  weight  galas,  and  vastly 
ImprcwKl  animal  health  are  just 
some  of  the  pcwltive  rrrsruits.  Now 
you  can  control  the  p<?rcon!age  ot 
dry  hay  In  your  ration  and  knc’*r 
that  each  animal  wiJJ  get  its 
share. 

2.  No  more  mixing  by  force  and 
prosEuio,  whlc.h  causes  compress¬ 
ed  and  crushed  mcrtorlals  and 
porslble  breakdown  ol  motortal 
fiber.  The  "Roe!  Auggie"  blends 
by  gently  lifting,  llultino  and 
tumbling  the  ration  -  ie<r/ing  the 
ration  in  a  more  palatable  and 
■'whclo"  stola  than  other  mixnis. 
Farmers  agree  that  roiloas  ai»3 
fclonried  ta-dor.  p<r//er 
rog.iiiomonls  '■.ire  lrjw«r.  machine 
life  is  extended,  and  ih-ol  the  final 
ml.x(.!d  ration  is  of  a  h'gher  giality 
t.haii  proviou'iy  ottain-abio 

The  ’-'eel  Augglo  dr'S’gn  helps  moke 
impoitant  cost  po-v.  ble  by 

blending  such  mexjirf’nsiw  b/- 
producls  as  cotton  whe<it 
raids,  brewers  grains  and  rr^»-wt  corn 
silcHjo  Iwden  are  a’.so  usi,ng 

wo.sto  potatCfl'S.  b<.i!r,ery  w'wrte  lltjuid 


onlma!  fat,  even  candy  bars  and 
other  human  food  by-products.  The 
Reel  design  effectively  handles  fine 
grains,  liquid  supplements  &  mineral 
additives. 

Tb©  '‘2©©1”  MtTing 
Cbomber. 

The  large  diameter  Reel  turns  slowiy, 
gently  Ultlno  oil  materials  up  and 
into  the  blending  augers.  The  lower 
notched  auger  turns  at  a  medium 
speed  and  moves  the  ration  toward 
the  front  ol  the  unit.  The  lower  auger 
also  brings  the  mixed  ration  to  the 
door  opening  during  the  unloading 
process.  The  upper  mjger  turns  at  a 
higher  speed,  and  incorporates 
replaceable  hardened  knives  that 
assist  in  blending  and  cuttfiig  the 
long  stem  hay  and  moving  material 
toward  the  rear  ol  the  unit.  The 
combination  of  these  three  com¬ 
ponents  is  the  seoel  ol  the  fluffier 
more  palatable  ration. 


A  c-Ttv3  .wctsao  vf0w  snowj  ffw  a/tirv  ocffon  a' 


A  CboiCQ  of  Discbaigo 
Options 

The  Reel  Auggie  discharge  door  is 
higher  otl  the  ground  than  tradi¬ 
tional  3  and  4  auger  mixers.  In  most 
applications  this  will  ailcw  the  use 
of  a  simple  hydraulically  contrclkKl 
slide  ‘.ray 

i' 


V 

jt.-  ,• 

;  i  1  1 

.  1  -  'xw'  •  m.-  ..  a  S.-i'lii.-. 

}9  rr-iiy 
mov:.'- j  pcTTf? 

Krc.r.ht  has  designed  a  rjr*r  3<aiqer 
hyiiraiilically  dn-.vir;  Pcw^r  Chute  lor 
those  appliccitions  that  cannot  utiiu.e 
•he  slide  troy  The  rdwor  Chu‘e 
tootuies  thiee  6  inch  dic.mr-ier  augrus 
with  t'placeable  pciy‘"hylene  lin'srs 


77)9  new  (Tirwj  auger  Power  Chula  provides 
vossatii/fy  in  unloading. 


DriTO  Enclcsiiro 

The  rugged  front  drive  is  enclosed  in 
a  dust-tree  oU  both  enviiorment.  It 
teatuies  a  simple  chain  and  sprocket 
drive,  sealed  greasab'le  b-.Barings, 
and  spring  loaded  tension  Idleis, 

The  final  drive  shafts  and  sprockets 
are  splined  tor  added  .siiengih  and 
relJabtlliy. 


•).  i>.  . .  i'ii  ** 

77^9  trvnj  anw  compciKfn'.s  a;\'7  oncJo::i>::i  ;>i  crn 
oU  t>cih  ^»'TMn>nrrwmf 


Tow,  Truck,  or  Statloacxif 
Units. 

All  Ol  the  Knight  Reel  Auggies  oio 
available  for  stationary  af'plicolion.s, 
and  all  except  ttio  rmal!o;i  RA217:0 
are  available  in  tow-type  or  truck 
mounted  units. 


Design  Feahires  ol  tli©  fieol 
Auggia. 

1.  The  aiOT©d  Reel  "spider" 
weldment  la  deslsmed  lor 
duiablltty  and  long  service  Ilia, 

2.  The  spring  loaded  Reel  crossbars 
minimize  binding  and  wedging, 
and  help  reduce  power 
recjuliements. 

3.  The  spring  loaded  polyethylene 
"wipers"  assist  In  blending  even 
the  finest  Ingredients  as  well  os 
assuring  a  last  efficient  clean-out 
when  unloading. 


6  The  notched  lower  blending 
auger  moves  material  lorword 
while  mixing.  It  also  functions  as 
the  discharge  auger,  providing 
a  lost,  even  How  ol  mateiials  to 
the  discharge  door, 

7.  The  front  drive  enclosure  provides 
a  dust-free  oil  both  environment 
tor  the  chain  end  sprocket  drive, 

8.  The  rugged  single  axle  under- 
camages  leature  rectangular  tube 
constructon  with  on  adjustable 
height  clevis  hitch. 


10.  Drain  plugs  ore  provided  at  the 
bottom  of  each  hopp>er. 

11.  Large,  powerful  magnets  are 
standard  on  aU  Slide  Troys  and 
Power  Chutes. 

12.  The  hydraulically  operated 
discharge  door  controls  the 
unloading  rate. 

13.  Choice  ol  discharge  options 
includes  Tray  or  Power  Chute. 

14.  A  bucket  guard  helps  prevent 
an  endloader  bucket  from 
contacting  the  Reel  arms. 


v"'  ■' 


V'-'' 

‘Vt..  .■■■<  ’  • 


4,  The  upper 

auger  turns  at  ^  ‘  ,,,  , 

high  jpeed.  end  V',.T 

av.i.d.'j  the  blending 
ptocers  by  moving 
•material  rearward 

5. Thie  replaceable  hardened 
knlvrrs  on  tn,o  upper  cpjgor  help 
brosok  and  cut  long  slom  hay 
and  other  tough  roughage 
rraierlob 


15.  A  wood  bumper  In  the  rear 
helps  protect  against  minor 
damage  to  the  unit, 

16.  A  scale  extension  arm  permits 
seal®  operation  without  leaving 
the  tractor  platform,  and  rotates 

.14  tor  side  viewing. 

• 


.v> 


,>;'K 


:.4:uV  v  ,  'f  16 

:4\  '■  \ 

■''i 

i  fah;?-  -V,....  \\a 


9  The  W.de  stance  ol  the  't-polnt 
weigh  bar  mounting  syr.tem  is 
featured  on  all  models 


Q&cboxlic  Scales  for 
Accurate  Eations. 

Two  electronic  digital  scale  systems 
cue  available  using  strain  gouge 
type  weigh  bars  and  3/4"  LCD 
cll^lays,  and  both  are  accurate  to 
within  one  percent. 

The  Model  630  system  uses  a  horn 
and  light  alarm  to  signal  when  cm 
operator's  pre-deterrruned  weight 
has  been  attained. 


The  model  625  Is  a  direct  read-out 
system  that  does  not  use  an  alarm. 
A  radio  control  unit  is  available  lor 
the  model  625  to  zero  the  unit  from 
a  remote  location.  An  additional  1' 
digital  dlsplcry  is  available  lor  either 
model  to  allow  the  operator  to  read 
weights  from  a  remote  location.  All 
systems  cue  complete,  less  the  12 
volt  battery  required  lor  mobile 
units. 


Model  2120  2250  2375  2450 


A  -  OA  Length 

_ 

188 

192 

216 

B 

91 

136 

142 

166 

C  -  OA  Height 

60W 

84 

102 

102 

D  -  Tread  Width 

— 

82 

94 

94 

E 

_ 

41 

47 

47 

F  •  (Mln.-Mox.) 

— 

34V.  36 

39V! -41 

39V1-41 

G 

— 

26 

38 

38 

H  (Mln.-Mox.) 

— 

21-47 

33-59 

33-59 

1  -  OA  Width 

79Vi 

83 

lOlVi 

101  Vi 

J  •  Transport  Width 

— 

112 

125V6 

125  Vi 

K  ■  (Mln.-Mox.) 

— 

13-19 

18-24 

18-24 

L  -  (TXln.-Moi.) 

15 

19-26 

31-38 

31-38 

M 

_ 

32 

44 

44 

N  -  Transport  Width 

- 

98  W 

112 

112 

Cubic  FI.  Struck  Copaclh/ 

120 

250 

375 

450 

Cubic  Ft.  Mixing  Copocir^ 

105 

216 

325 

390 

Bushel  Mixing  Copoaty 

84 

173 

260 

312 

Approx.  Weight  (lbs.  Tow) 

22CO 

5240 

7400 

8190 

Reel  Dtomeier 

52" 

52' 

68' 

68' 

Lower  Auger  Diameter 

16' 

16' 

20' 

20' 

Upper  Auger  Diameter 

14' 

14' 

18* 

18" 

Auger  Hopper  (Thickness) 

1/4" 

1/4' 

5/16" 

5/16’ 

Reel  Hopper  (Thickness) 

3/16' 

3/16' 

1/4' 

1/4" 

Side  Sheets  (Thickness) 

12  GA. 

10  GA 

10  GA, 

10  GA. 

End  Sheets  (Thickness) 

10  GA 

10  GA. 

7  GA, 

7  GA 

Door  Width  Tow/rrk 

NA 

36' 

36' 

36" 

Door  Width  Stcrtlor.crrY 

20' 

20" 

Elecfrlc  Dn-ffl 

7Vi  HP 

15  HP 

! 

Roller  Chains 

50-60-30 

60-80-100 

80-100-120 

80-100-120 

Magnet 

STD 

STD 

STD 

STD 

Power  Chute 

NA 

STD 

OFT 

OFT 

Slide  Troy 

NA 

CPT 

STD 

STD 

sixtWiCi  to  wtf^cuT 
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APPENDIX  C 


RAW  DATA 


57308 


Tab(«  e-1.  tap  Dai^tlnQ  Prajact  •  Aralyticat  Seapla  Log  *  Ni trocal lulc««,  PUa  f1 


wk  Data  RFU  !0#  SznlP  ClfcnttD 


0  A/28/Q3  aaos-261 


NC 

(BW/kij)  Casn»nt» 


GRAPH  DATA 


ava  AC 


lUutUKUl 

- 


5/18/33  8eC5-i26 


uk5-  1  -Ip 

3340 

uk3*  1  -2p 

J130 

wk3-  1  -1e 

A<6C0 

4525  643 


6  6/8/88 

8806-659 

5 

wkO- 

1  -1c 

3493 

4933 

1257 

6 

MkO* 

1  -le-dup 

3787 

7 

Mk6- 

1  -ap 

5000 

8 

uk6- 

1  -2p-dl^ 

6838 

9 

Mk6- 

1  -2e 

6006 

10 

Mk6- 

1  -2e-<lA» 

7147 

11 

Mk6* 

1  -3p 

5705 

12 

wk6- 

1  -3p-dn> 

6656 

13 

uk6* 

1  -3c 

4743 

U 

wk6- 

1  -3e-cMs 

3901 

23 

Hk6* 

1  -l-a 

4143  ta!!k>ta«  with 

26 

i<k6- 

1  -l-b 

3823  tuffix  a-a 

27 

MkO' 

1  -l-e 

4236  wara  takan 

28 

Hk6* 

1  -l-d 

3311  aftar  raatx 

29 

uk6* 

1  -l-a 

5000 

8  6/22/88 

86C4-r/2 

1 

m(8- 

1  -le-a 

1493  taeplaa  with 

1722 

959 

2 

jk8- 

1  -le-b 

1230  »b“  Mjffix 

3 

Mk8* 

1  -Tp-a 

2407  ara  dopa  of 

4 

1*8- 

1  -2^b 

2243  'a*  faaplaa 

3 

mM* 

1  -26- a 

86 

6 

wkfl* 

1  -2c-b 

127 

7 

Mk8- 

1  -Sp-a 

2230 

8 

uk8- 

1 

2426 

9 

MkS- 

1  -3e-8 

21S3 

10 

uk8- 

1  -3<-b 

2750 

10  7/6/88 


idkIO-  1  -1c 
MklO-  1  -Tp 
MklO-  1  -26 
HklO*  1  -5? 
wklQ-  1  -Sc 


133  122 


14  8/4/33  8003-229 


323  313 


C 


Tabltt  C*1.  BAAP  C^^cttfnQ  Pfoj^t  *  Analytical  Leg  -  Hitrocailulosa,  PUa  (cent.) 


22  9/26/aa  aao9as3 

1 

313 

431 

S2C 

uk22  2 

27 

Wc22  3 

37 

Hk22  4 

1974 

wk22  S 

t 


0 


C-.2 


ht'Xl'f  yr.  >#•  |>  'X,  4  M  JI 


TabU  C*2.  IA>P  Ceapostirig  Proj<»t  •  Aj^alytical  S^le  log  •  Nftrecallulosa  -  Pile  #2 


Wk  Date  PFU  ID# 


0  4/28/sa  asoa-261 


> 

CUentIO 

(nio/te) 

9 

HkO-  2  *1 

331 

10 

MkO*  2  >2 

1031 

11 

HkO-  2  -3 

1130 

12 

HkO*  2  *S 

11237 

13 

ukO-  2  -6 

835 

eve  NC 

(!"g/it<))  StOev 


3039  4^1 


GRAPH  DATA 


ave  NC 
(dave)|(nw/Kg) 


3  3/13/&3  aSCS-426 


wk3-  2  -Ip 

302 

Mk3-  2  -2p 

3450 

w«-  2  -1c 

703 

1435  1714 


a  6/22/S4  8303-772  11 

40-  2  -Ic-a 

142  aesplaa  wi  th 

553 

365 

12 

kk3-  2  -le-b 

113  "b*  KrffU 

13 

i*8*  2  -Tp-a 

101  are  dipe  of 

14 

HkO-  2  -2p-t> 

92  “a*  jampl** 

15 

ukO-  2  -2s-a 

2067 

13 

MkS-  2  -2r:-b 

2321 

17 

HkO-  2  •3p-a 

157 

18 

Hka-  2  -3p-b 

214 

19 

HkO-  2  •3c-a 

185 

20 

wk8-  2  -3e-b 

192 

10  6/7/83  8 

MklO-  2  -1e 

70 

59 

22 

9 

MklO-  2  -Tp 

43 

10 

HklO-  2  -26 

41 

11 

HklO-  2  -Sp 

47 

12 

»*10-  2  -3e 

92 

Tobla  C-2.  lAA?  Ccapoatin^  Proj®et  -  Analytical  Sisata  Log  -  Mltrocall'jtow  -  PU®  $2 


22  imm 


uk22  1 
1*22  2 
Mk22  3 
1*22  4 
wk22  S 


21 

39 

22 

70 

117 


T«bl«  C-3.  tAAP  CcnpestfnQ 


Scaptc  Leg  •  Nftrce«ttutcsa  •  PU««  1  and  2 


IBAfl  GSJtfH  DATA  (xn/tCa) 


latdi  # 

Saopla 

Cllant  ID 

(Eg/es) 

noalnal 

day  0 

42 

42 

98 

98 

8303-261 

-1 

wkO  -  .03)10 

64*7 

cone 

pUe  *1,2 

«1 

#2 

SI 

#2 

-2 

MkO  -.OSKC 

12963 

3X 

6447 

13294 

209 

162 

61 

-3 

akO  -.OT^HC 

13563 

5% 

12963 

38676 

378 

40 

•4 

wkO  -.10HC 

23403 

7.5X 

15568 

57680 

587 

52 

10X 

23605 

67198 

277 

794 

97 

iTtaa  (eteya)  »  *2 


8806-639 


PUa  #1  ay-^osaiUe 


l.i:i2  B^TA 


PILE  1 

Cllant  ID 

rtr.  (^/xa) 

day 

3S 

5S 

7.5X 

10X 

33  uM 

1-  3a 

15294 

0 

6U7 

12963 

15563 

23605 

36uk6 

1-  3b 

no  data 

42 

15294 

38676 

57680 

67198 

37ulc6 

1-  5a 

33676 

93 

162 

794 

38wk6 

1-  3b 

no  data 

39wk6 

1-  5c 

no  data 

40Mk6 

1-  7.5a 

U117 

PILE  2 

41  hU 

1-  7.3b 

67692 

day 

311 

5X 

7.5X 

10X 

42wk6 

1-  7.5c 

61231 

0 

6U7 

12963 

15568 

23605 

43uk6 

1-  lOa 

61666 

42 

209 

378 

587 

277 

UMk6 

1-  10b 

72131 

98 

61 

40 

52 

97 

45  wk6 

1-  10c 

67796 

T(fl» 

1^)  >  42 

PUa  J52 

tflOTilOttfi)  lie 

■ateti  S 

Sanpla  Client  ID 

NO  (atO/Xa} 

8806-659 

46tSc6 

2-  3« 

324 

47ufe6 

2-  3b 

93 

48Mk6 

2-  3a 

378 

49Mk6 

2-  5b 

no  data 

50Mk6 

2-  7.5a 

368 

31  uk6 

2-  7.5b 

648 

S2t*6 

2-  7.5c 

746 

53Hk6 

2-  10a 

421 

54Nk6 

2-  10b 

163 

53  iik6 

2-  lOe 

248 

Tl«w  (days)  ■  93 


Plls  S')  cssoccfiiHe 


Batdi  S 

Saepla 

CUant 

ID 

NO 

(ap/Xg) 

8808-229 

1  Mk1 

1- 

3a 

155 

1  Hk1 

1- 

3b 

206 

1  Mk1 

1- 

5a 

124 

2Hk1 

1- 

10a 

439 

2wki 

1- 

•  ICb 

435 

2wk1 

1- 

10c 

264 

3  wkl 

1- 

lOd 

1312 

3wk1 

1- 

IQa 

1131 

3«it1 

_1_ 

lOf 

_ 

1165 

Tii»  (d*^ 

fs)  »  Ofl 

TTi 

a  S3 

ti* 

^nsOTT.i  lie 

Batch  S 

Sample 

CUant 

ID 

xc 

(Bss/Ka) 

8808-229 

4Mk1 

2- 

3a 

37 

4id)1 

2- 

3b 

57 

4  Hk1 

2- 

3c 

68 

5  ukl 

2- 

5a 

42 

5  ukl 

2- 

5b 

39 

3  »k1 

2- 

5e 

39 

6  wkl 

2- 

7.3« 

32 

6  bk1 

2- 

7.5b 

30 

6  ukl 

1- 

7.5e 

48 

7  ukl 

2- 

7.5d 

55 

7  ukl 

2- 

7.58 

55 

7  ukl 

2- 

7.5f 

73 

Suk1 

10a 

96 

8  ukl 

2- 

11^ 

92 

8  ukl 

2- 

10c 

103 

Table  C'4.  MAP  Caapoating  Project  -  Analytical  Sac^la  Log  *  NltrocalluloM,  PUa  3 


Cliant 

KC 

*td8V 

Cteif)'' 

Dbta 

Day 

RFV  I0«  ID 

(uo/q) 

NC 

RC 

»tduw 

stdav 

9/27/83 

0 

8809  833  3-1 

7287 

3-2 

7561 

3-3 

7082 

3-4 

8463 

3-5 

5909 

3-8 

8339 

3-7 

8623 

3-8 

9200 

3-9 

9875 

3-10 

8718 

7907 

1259 

9166 

6648 

10/28/88 

29 

8310  179  3-1p 

1120 

3-2{) 

313 

3“2c 

129 

3-3t» 

193 

3-3e 

180 

387 

413 

802 

-28 

n/15/aa 

49 

aOIIL  511  3-1-8 

776 

3-1-b 

745 

3-2-0 

979 

3-2-b 

921 

3-3-8 

770 

3-3-b 

887 

3-4-8 

1129 

3-4-b 

753 

870 

136 

1006 

734 

1/9/8a  101  S501L  111  3-1  49 


3-2  32 

3-3  *5 

3-«.  8 

3-5  18 


48 


1  GRAPH  DATA 

Man 

rnoan^ 

mean- 

Day 

NC 

itdav 

stdev 

S 

7907 

9102 

6712 

29 

387 

758 

16 

49 

870 

998 

743 

101 

30 

46 

15 

30 


17 


131 


T(b(«  C*5.  BAA?  Cta^tirg  Projtet  ■  Anaiytiail  Leg  •  HitrocalutoM,  PiU  M 


0»t» 

V/28/83 


CUane  BC  Kann  S»«v 


BFW  lOi 
8309  8S3 


4-10  1103  13038  16411 


11/15/88  49  aailL  511  4-1-« 

903 

4-1-b 

893 

4-2-« 

896 

4-2-b 

995 

1139 

4-3*b 

rc2 

4-4-a 

1083 

I  4-4-b 

944 

994 

103 

1/9/89  101  ffSOlU  111 


GSAPHJJATA 

I  wan  MC 

I  13036 

I  289 

I  996 

16 


D 


r  ' 

i: 


i 


{ 


\ 

y 

L..- 


L 

i 


■a, 


Tibia  0-6.  lAA?  C«is|3Mt{n«3  Project  •  Isssed  Ss^la  Log  ■  HltrscelluloM  >  PUe  05 
liflged  Coespoet  ■  Spiked  h/  nltrocalluloee  (liC} 


Date 

Day 

«FV  Batch 

ID 

uc 

ua/<? 

Penn 

StCev 

P«sn»Std 

M«8n-Std 

9/27/a8 

0 

aao9  333 

5k*1 

14207 

SS-2 

19263 

3X-3 

13976 

5X-6 

13963 

3S-3 

10732 

3S-6 

11707 

14309 

3063 

17377 

11241 

10/26/88 

29 

8810  179 

5X-1 

14366 

515-2 

17372 

5»-3 

15613 

15784 

1633 

17418 

14149 

11/13/88 

69 

eOlIL  311 

5X-A 

2923 

sx-s 

202 

sx-c 

1166 

1630 

1381 

2811 

49 

1/9/W 

101 

8901L  111 

5X-A 

60 

5X-8 

2473 

5X-C 

2476 

1662 

1405 

3C47 

257 

9/27/S8 

0 

&Sj09  633 

13X-1 

45611 

13X-2 

75676 

15X-3 

95270 

15X-6 

62367 

13X-5 

36013 

13X-6 

77703 

65507 

21929 

87436 

43577 

10/26/88 

29 

8810  179 

15X-1 

50866 

15X-2 

42111 

1SX-3 

15121 

36033 

18632 

54664 

17401 

11/15/88 

69 

8811L  311 

1SX-A 

15846 

15X-9 

11507 

15X-C 

20581 

m-0 

16299 

i5x-a 

31330 

ISX-B 

30614 

21000 

8182 

29181 

12818 

9/27/aa 

0 

6309  633 

303-1 

125000 

30X-2 

106031 

30X-3 

110311 

30X-6 

161892 

3-X-5 

13060 

30X-6 

68913 

1 14527 

26153 

140685 

88369 

10/26/88 

29 

8810  179 

3CS-1 

59397 

30X-2 

86551 

30X-3 

74333 

73611 

13622 

87233 

59989 

11/13/M 

69 

Mill  511 

3CX-A 

4062 

3ox-e 

5453 

308-C 

6041 

5159 

1022 

6220 

4177 

1/9/89 

101 

8901L  111 

30S-A 

1434 

3CS-9 

2441 

30X-C 

34JS9 

2455 

1028 

3482 

1427 

/ 


C-8 


a 


T*bt«  C*^.  tMP  Ceapwtfna  S«iap(«  log  •  altrocoUutont  ■  PI  la  93 

_ (tsbla  eafitfrtwd? 


\WBiSlM 

0 

6e09  U3 

6cri*i 

is9:iis 

60S'2 

241178 

4CV3 

216178 

¥a^‘i 

233823 

MX-5 

191176 

4(S'« 

239704 

218627 

23378 

2422C8 

W049 

\<num 

29 

8810  179 

MS<1 

189937 

tOi-l 

224383 

2U793 

219712 

27713 

247427 

191997 

1V15/M 

49 

88111  311 

tm-k 

133722 

«ox-c 

129069 

OOS'C 

170100 

1U297 

22487 

11^744 

121350 

1/9/89 

101 

89011  111 

MS- A 

79049 

AOS-I 

72C<0 

«r*-e 

53374 

ML311 

12193 

81  M3 

34819 

v/iz/ea 

0 

t£X»  Kii 

SOX*  i 

. 

8C3-2 

153882 

aos-3 

132941 

MS-4 

1353?a 

tetri 

148329 

tetri 

130733 

18U34 

39457 

203JJ93 

124979 

10/28/88 

29 

8810  179 

89S-1 

182113 

•OS-2 

138423 

•os-s 

143433 

158724 

7043 

165788 

151679 

1/9/89 

101 

89011  111 

aes-1 

178234 

KS-2 

191755 

eos-s 

198234 

•os-4 
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U 

55 

53 

53 

56 

51 

'  .  68 

1916 

58 

57 

53 

66 

44 

35 

52 

S3 

56 

52 

68 

2316 

58 

57 

56 

66 

43 

55 

52 

53 

56 

52 

69 

316 

58 

57 

56 

67 

43 

54 

52 

52 

56 

52 

69 

716 

58 

56 

36 

66 

43 

56 

52 

52 

57 

S3 

69 

1116 

59 

57 

56 

67 

43 

55 

52 

52 

57 

53 

69 

1516 

59 

57 

56 

66 

43 

56 

52 

52 

56 

53 

69 

1916 

59 

57 

56 

66 

43 

55 

52 

32 

57 

53 

69 

2316 

59 

57 

57 

66 

43 

55 

S3 

52 

56 

33 

(  ..  70 

317 

60 

57 

57 

66 

43 

56 

n 

S3 

56 

54 

70 

717 

61 

57 

58 

67 

U 

56 

S3 

52 

56 

54 

,  70 

1117 

61 

57 

57 

67 

43 

56 

SS 

53 

57 

55 

70 

1333 

61 

58 

53 

47 

44 

55 

S3 

53 

56 

55 

i  -  70 

1733 

61 

58 

58 

67 

44 

55 

S3 

52 

36 

54 

70 

2133 

62 

58 

58 

47 

43 

55 

56 

S3 

56 

54 

71 

315 

62 

38 

58 

63 

45 

55 

53 

53 

56 

56 

71 

933 

62 

59 

58 

68 

46 

53 

33 

53 

57 

49 

71 

1333 

62 

58 

53 

68 

46 

35 

53 

53 

56 

50 

71 

1735 

62 

59 

53 

63 

46 

56 

53 

53 

57 

51 

71 

2133 

63 

59 

58 

69 

46 

56 

52 

53 

57 

51 

73 

133 

62 

59 

58 

6S 

46 

56 

52 

52 

56 

52 

73 

333 

62 

59 

58 

63 

46 

56 

52 

52 

56 

52 

73 

933 

63 

60 

58 

69 

46 

56 

52 

52 

57 

32 

73 

1333 

62 

61 

59 

69 

47 

56 

52 

52 

56 

53 

73 

ITS 

62 

61 

59 

69 

47 

56 

52 

52 

56 

53 

73 

21S 

62 

61 

59 

69 

47 

56 

52 

52 

56 

56 

73 

IS 

62 

61 

59 

69 

47 

56 

52 

52 

54 

54 

73 

5S 

62 

61 

59 

69 

47 

56 

32 

52 

54 

54 

73 

806 

43 

62 

59 

69 

47 

55 

52 

52 

54 

55 

73 

1203 

62 

62 

59 

69 

47 

53 

53 

52 

54 

55 

73 

1603 

62 

62 

59 

69 

47 

56 

52 

52 

54 

54 

73 

2003 

42 

62 

59 

63 

47 

53 

53 

52 

54 

54 

74 

6 

62 

62 

59 

68 

47 

55 

53 

53 

54 

54 

74 

406 

62 

63 

59 

6! 

47 

55 

53 

52 

56 

54 

74 

S06 

62 

63 

59 

69 

47 

53 

53 

52 

53 

57 

74 

1206 

62 

63 

59 

68 

46 

55 

33 

52 

55 

54 

74 

1606 

62 

63 

59 

69 

47 

56 

33 

52 

54 

51 

74 

2006 

63 

44 

59 

70 

47 

53 

52 

32 

55 

50 

73 

6 

63 

63 

59 

70 

47 

55 

52 

52 

54 

51 

75 

406 

63 

64 

59 

70 

48 

55 

51 

51 

54 

52 

73 

804 

62 

64 

59 

70 

47 

56 

51 

52 

34 

52 

73 

1435 

63 

64 

59 

71 

48 

56 

51 

52 

55 

53 

73 

1833 

63 

64 

59 

71 

49 

53 

51 

52 

55 

53 

C-16 


C*7  (cant.) 


88 

515 

71 

64 

55 

83 

71 

53 

49 

53 

55 

49 

88 

913 

71 

64 

55 

63 

71 

54 

49 

52 

54 

49 

88 

1313 

71 

o4 

54 

82 

71 

S3 

49 

52 

54 

51 

88 

1713 

70 

83 

54 

82 

71 

53 

48 

51 

53 

51 

88 

2113 

71 

83 

54 

83 

72 

53 

48 

51 

53 

51 

89 

115 

70 

83 

55 

82 

72 

53 

48 

51 

S3 

52 

89 

513 

71 

82 

54 

83 

72 

53 

48 

51 

53 

52 

89 

915 

70 

82 

54 

84 

72 

S3 

48 

51 

52 

52 

89 

1354 

70 

82 

54 

84 

73 

S3 

48 

51 

52 

52 

89 

1754 

89 

82 

53 

85 

72 

S3 

48 

51 

53 

53 

89 

2134 

70 

81 

53 

88 

73 

S3 

48 

51 

52 

53 

90 

154 

70 

82 

53 

83 

73 

53 

48 

51 

52 

S3 

90 

334 

70 

82 

54 

88 

74 

53 

48 

51 

53 

S3 

90 

934 

89 

62 

53 

83 

74 

53 

49 

51 

S3 

S3 

90 

1334 

69 

81 

53 

68 

74 

53 

48 

51 

52 

53 

90 

1734 

69 

81 

52 

68 

74 

54 

49 

51 

52 

53 

90 

2134 

89 

81 

53 

88 

74 

54 

49 

51 

52 

53 

91 

134 

89 

81 

53 

85 

74 

S3 

49 

51 

52 

53 

91 

354 

69 

80 

52 

84 

74 

53 

49 

51 

53 

53 

91 

954 

89 

59 

52 

84 

74 

54 

49 

51 

52 

53 

91 

1323 

58 

39 

52 

84 

74 

54 

49 

51 

52 

53 

91 

17» 

83 

80 

53 

84 

74 

54 

49 

51 

52 

S3 

91 

2129 

88 

59 

52 

64 

74 

54 

49 

51 

52 

54 

92 

129 

83 

39 

52 

64 

74 

54 

49 

52 

52 

54 

92 

529 

83 

S3 

53 

83 

74 

54 

49 

51 

52 

54 

92 

929 

89 

S3 

53 

6Z 

74 

54 

51 

51 

52 

54 

92 

1329 

88 

S3 

53 

82 

74 

54 

51 

51 

53 

54 

92 

1729 

87 

33 

53 

81 

74 

54 

51 

51 

53 

54 

92 

2129 

67 

57 

53 

59 

74 

54 

51 

51 

53 

55 

93 

129 

67 

57 

53 

59 

74 

54 

51 

51 

52 

54 

93 

529 

87 

58 

52 

53 

74 

S3 

50 

51 

52 

54 

93 

929 

87 

55 

53 

53 

74 

54 

51 

51 

52 

84 

93 

1329 

87 

54 

52 

57 

74 

55 

51 

51 

52 

54 

93 

1729 

a 

54 

52 

58 

74 

55 

51 

51 

52 

55 

93 

2129 

66 

54 

52 

56 

74 

54 

51 

51 

52 

55 

9* 

129 

88 

53 

32 

58 

74 

53 

51 

52 

52 

55 

9^ 

529 

88 

53 

52 

58 

74 

55 

51 

52 

52 

55 

94 

929 

88 

53 

52 

58 

74 

55 

51 

52 

52 

55 

94 

1407 

84 

52 

52 

58 

73 

55 

52 

52 

52 

55 

94 

1807 

83 

53 

52 

58 

73 

38 

51 

52 

52 

55 

94 

2207 

84 

52 

52 

58 

73 

55 

52 

52 

52 

55 

95 

207 

83 

53 

52 

58 

73 

58 

52 

52 

53 

53 

99 

807 

83 

52 

52 

58 

73 

53 

52 

52 

53 

58 

99 

1007 

83 

53 

52 

58 

73 

58 

52 

52 

53 

58 

99 

1407 

82 

53 

51 

58 

72 

58 

52 

52 

53 

55 

99 

1807 

62 

53 

52 

58 

72 

58 

52 

53 

53 

58 

99 

2207 

81 

52 

31 

55 

72 

58 

52 

53 

53 

55 

98 

207 

81 

52 

52 

55 

71 

58 

52 

53 

53 

56 

98 

807 

81 

53 

52 

55 

72 

58 

52 

53 

53 

55 

98 

930 

81 

53 

51 

54 

71 

58 

53 

53 

53 

58 

98 

938 

80 

53 

51 

54 

72 

58 

53 

53 

53 

58 

98 

1331 

80 

52 

51 

54 

70 

58 

53 

53 

54 

52 

Tabia  C-8.  IAA9  T«eip«f atur*  Data  (centlnuad),  rtU  #2 

8Uaa  #1  ard  2,  Te^ai'aturas  fn  ds^;r«es  S 


■ 

m 

1 

P«CS23 

2 

3 

4 

5 

6 

7 

8 

9 

10 

SI 

[Qna 

96 

1731 

59 

53 

31 

56 

70 

56 

53 

54 

56 

48 

96 

2131 

59 

32 

51 

56 

70 

58 

53 

55 

59 

47 

97 

131 

59 

52 

51 

53 

69 

59 

53 

56 

61 

47 

97 

56.5 

54.8 

6.5 

4.9 

97 

531 

59 

52 

51 

53 

69 

59 

53 

56 

62 

47 

97 

931 

58 

32 

51 

53 

69 

61 

54 

56 

63 

48 

97 

1331 

57 

32 

31 

53 

68 

61 

53 

56 

55 

48 

97 

1731 

57 

52 

50 

55 

68 

61 

53 

56 

51 

49 

97 

2131 

57 

52 

49 

55 

68 

61 

53 

56 

48 

46 

98 

131 

57 

52 

48 

56 

68 

61 

53 

56 

45 

47 

98 

54.9 

50.3 

7.2 

6.6 

98 

531 

56 

52 

47 

55 

63 

60 

53 

56 

43 

46 

98 

931 

56 

32 

46 

56 

68 

60 

53 

55 

41 

45 

98 

1331 

53 

51 

46 

55 

67 

59 

53 

54 

39 

43 

98 

1510 

35 

52 

43 

56 

67 

59 

53 

54 

39 

43 

98 

1516 

56 

52 

43 

55 

67 

59 

53 

54 

39 

43 

98 

1911 

56 

51 

46 

56 

67 

58 

52 

53 

41 

45 

98 

2311 

53 

31 

63 

56 

67 

56 

51 

51 

43 

45 

99 

311 

53 

51 

62 

53 

66 

56 

49 

51 

43 

46 

99 

51.7 

48.6 

7.6 

4.1 

99 

711 

52 

51 

62 

52 

65 

56 

49 

49 

U 

46 

99 

1111 

52 

51 

61 

52 

66 

56 

48 

49 

44 

46 

99 

1511 

51 

51 

39 

52 

63 

56 

48 

48 

U 

46 

99 

1911 

51 

52 

39 

51 

63 

56 

48 

48 

44 

46 

99 

2311 

69 

31 

38 

51 

62 

55 

47 

48 

U 

47 

100 

311 

68 

51 

37 

51 

61 

54 

47 

48 

U 

47 

10O 

48.8 

48.1 

7.4 

2.9 

100 

711 

68 

31 

37 

50 

60 

53 

47 

47 

U 

47 

100 

1111 

68 

51 

37 

50 

59 

53 

47 

47 

45 

47 

100 

1511 

66 

51 

36 

50 

59 

54 

47 

48 

45 

48 

100 

1911 

66 

52 

36 

69 

58 

54 

46 

48 

46 

48 

100 

2311 

66 

52 

36 

69 

58 

53 

47 

48 

46 

48 

101 

311 

66 

52 

36 

68 

58 

53 

47 

48 

46 

48 

101 

47.8 

48.9 

7.2 

2.2 

101 

711 

66 

52 

36 

68 

53 

53 

47 

48 

47 

48 

101 

1111 

65 

52 

36 

68 

57 

53 

47 

48 

48 

48 

101 

1351 

65 

52 

36 

68 

58 

53 

47 

48 

48 

49 

101 

13n 

65 

52 

36 

68 

58 

53 

47 

48 

48 

48 

101 

1753 

65 

52 

36 

67 

57 

53 

47 

49 

48 

49 

101 

2153 

65 

52 

37 

68 

58 

53 

48 

49 

49 

49 

102 

153 

63 

52 

37 

67 

57 

53 

48 

49 

49 

49 

102 

47.8 

50.3 

6.4 

1.6 

102 

533 

45 

52 

37 

66 

57 

52 

48 

49 

51 

50 

102 

953 

63 

52 

38 

66 

56 

52 

48 

49 

51 

50 

102 

1333 

66 

53 

39 

66 

57 

53 

48 

49 

51 

51 

102 

1733 

63 

33 

39 

66 

57 

52 

48 

51 

52 

51 

102 

2133 

66 

52 

39 

66 

57 

52 

48 

51 

52 

52 

103 

553 

65 

52 

61 

66 

56 

52 

49 

51 

53 

52 

103 

48.3 

52.0 

5.5 

1.6 

103 

953 

66 

52 

61 

66 

57 

52 

49 

52 

53 

52 

103 

1236 

66 

52 

61 

66 

57 

52 

50 

52 

54 

52 

103 

1239 

46 

31 

61 

66 

57 

53 

49 

52 

53 

52 

103 

1633 

46 

31 

61 

46 

58 

53 

49 

53 

55 

53 

103 

2033 

46 

51 

61 

47 

58 

53 

49 

53 

54 

53 

106 

33 

46 

50 

61 

47 

53 

S3 

50 

53 

55 

53 

104 

49.4 

53.3 

5.6 

1.3 

106 

633 

47 

50 

61 

47 

58 

52 

49 

53 

55 

53 

lOi 

835 

48 

49 

62- 

48 

59 

53 

51 

53 

55 

54 

106 

1233 

48 

69 

62 

49 

59 

53 

50 

54 

55 

55 

106 

1633 

50 

49 

42 

50 

60 

54 

51 

54 

55 

55 

106 

2033 

31 

49 

43 

51 

59 

53 

51 

56 

55 

56 

105 

33 

52 

49 

43 

51 

61 

54 

51 

55 

55 

56 

105 

51.8 

54.3 

5.6 

1.9 

103 

433 

52 

49 

U 

52 

61 

54 

51 

55 

56 

56 

103 

833 

53 

49 

U 

$2 

61 

55 

51 

56 

56 

56 

103 

1233 

53 

49 

46 

52 

61 

55 

52 

56 

56 

56 

103 

1433 

53 

49 

46 

53 

61 

53 

32 

56 

57 

57 

103 

2033 

51 

49 

45 

56 

61 

54 

51 

57 

57 

56 

106 

33 

53 

49 

45 

56 

61 

54 

52 

57 

57 

57 

106 

52.6 

55.7 

5.3 

2.2 

106 

433 

56 

49 

45 

56 

61 

55 

52 

57 

57 

57 

C-19 


C*8  (cant.) 


106 

833 

54 

49 

43 

53 

61 

55 

52 

57 

57 

57 

106 

1233 

54 

49 

45 

55 

61 

33 

52 

58 

58 

57 

106 

1633 

54 

49 

45 

55 

61 

56 

52 

58 

59 

57 

106 

2033 

53 

49 

43 

55 

59 

56 

54 

59 

55 

53 

lor 

33 

53 

49 

U 

55 

59 

58 

55 

60 

SO 

52 

107 

51.6 

53.2 

5.2 

5.9 

107 

S3S 

53 

48 

44 

S3 

59 

59 

36 

60 

46 

49 

107 

1233 

53 

48 

U 

55 

58 

59 

56 

59 

U 

48 

107 

1633 

53 

48 

43 

55 

53 

58 

56 

53 

43 

46 

107 

20SS 

53 

48 

43 

54 

58 

58 

55 

57 

42 

46 

108 

33 

53 

48 

43 

54 

58 

57 

54 

55 

41 

U 

103 

50.5 

48.3 

5.1 

6.3 

108 

433 

53 

48 

43 

53 

57 

57 

54 

5* 

39 

42 

108 

33 

47 

42 

S3 

57 

56 

53 

53 

40 

41 

103 

939 

53 

47 

42 

52 

57 

53 

53 

52 

40 

41 

108 

941 

53 

48 

42 

52 

57 

56 

53 

52 

39 

41 

108 

943 

53 

47 

42 

52 

57 

56 

53 

53 

40 

41 

109 

733 

52 

46 

42 

51 

56 

52 

48 

48 

47 

43 

109 

50.3 

46.9 

5.3 

3.9 

109 

1138 

53 

47 

42 

52 

56 

52 

48 

48 

48 

43 

109 

1533 

S3 

47 

42 

53 

57 

52 

48 

47 

48 

43 

109 

1938 

54 

47 

42 

53 

57 

33 

48 

48 

49 

43 

109 

2333 

54 

47 

42 

53 

58 

46 

48 

48 

51 

U 

110 

333 

54 

47 

42 

S3 

58 

52 

48 

48 

51 

U 

110 

51.0 

43.3 

5.7 

2.9 

110 

733 

54 

47 

42 

53 

58 

48 

48 

51 

a 

110 

1138 

54 

47 

42 

54 

58 

47 

48 

52 

55 

110 

1533 

54 

48 

42 

54 

58 

43 

48 

52 

45 

110 

1933 

54 

47 

42 

54 

58 

48 

49 

53 

46 

111 

333 

54 

47 

41 

S3 

58 

54 

49 

49 

53 

47 

111 

50.7 

50.9 

6.1 

2.2 

111 

738 

54 

47 

41 

S3 

37 

54 

49 

SO 

53 

47 

111 

1133 

56 

46 

41 

54 

57 

54 

49 

51 

53 

48 

111 

1533 

56 

47 

42 

53 

58 

53 

49 

51 

53 

48 

111 

1933 

56 

46 

41 

52 

53 

53 

50 

52 

53 

49 

111 

2333 

56 

46 

41 

52 

58 

53 

49 

52 

53 

49 

112 

338 

56 

46 

41 

52 

58 

53 

49 

52 

S3 

51 

112 

50.0 

52.3 

6.9 

2.0 

112 

733 

55 

45 

41 

32 

58 

53 

49 

53 

54 

51 

112 

1021 

56 

44 

41 

32 

58 

36 

49 

53 

54 

31 

112 

1022 

53 

44 

41 

32 

58 

56 

49 

52 

54 

51 

112 

1422 

37 

43 

39 

52 

57 

49 

53 

54 

52 

112 

1822 

57 

43 

39 

52 

53 

54 

49 

53 

54 

53 

112 

2222 

57 

43 

39 

52 

58 

54 

49 

54 

54 

53 

113 

222 

56 

42 

39 

52 

53 

54 

49 

54 

53 

53 

113 

49.2 

31.7 

7.9 

3.4 

113 

622 

36 

42 

39 

52 

53 

54 

49 

55 

33 

53 

113 

1022 

57 

41 

39 

52 

58 

53 

49 

55 

53 

34 

113 

1422 

57 

41 

38 

52 

37 

9 

49 

56 

53 

53 

113 

1822 

57 

41 

38 

52 

57 

35 

49 

56 

54 

55 

113 

2222 

57 

41 

33 

52 

53 

49 

56 

55 

56 

114 

222 

57 

41 

38 

52 

53 

66 

49 

37 

54 

55 

114 

48.7 

54.4 

8.2 
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50  323  i2  23  21  23  33  69  M  47  32  61 

30  825  8  33  21  24  33  69  67  «  52  56 

30  1402  40  23  22  24  32  69  66  36  32  52 

30  1426  39  23  22  24  32  69  65  36  51  51 

30  2026  3823  19  2332696432  51  48 
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32  1426  34  56  33  30  32  69  63  26  51  62 

32  2026  33  60  36  31  33  69  63  29  51  64 

33  226  33  62  40  33  33  69  63  31  51  67 

33  826  36  64  U  34  34  69  63  S4S167 

33  1336  36  70  48  36  36  69  63  37  51  69 

33  1937  36  56  52  39  33  70  64  41  52  66 

34  137  38  67  $6  41  41  71  66  41  52  65 

34  737  39  66  59  44  42  71  66  38  52  62 

14  1337  41  72  67  47  45  71  46  37  52  62 

34  1551  41  72  67  48  46  71  65  37  52  62 

34  1937  42  73  66  49  47  71  64  37  52  62 
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36  738  53  78  76  59  43  71  62  34  $0  41 
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37  IliH  41  52  52  66  44  71  42  S3  52  60 

37  1706  62  49  4866  44  71  42  37  53  61 

37  2336  63  4*  42  4  7  64  72  62  37  53  M 

38  506  6*S1$8  47  637143S652$8 

38  1106  64  52  34  66  42  71  63  33  $1  55 
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4!  910  63  41  27  56  59  44  63  C9  58  $4 

1520  M  55  22  53  5  7  44  62  27  56  51 

45  2120  M  29  19  48  54  44  *1  2*  53  49 
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